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The MN101C11x incorporates more than one ROM/RAM to meet a variety of applications. An EPROM version as 


well as a Mask ROM version is available so users can write a program by themselves. 
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MN1010115*1 256 


MN101C117 


MN101CP117 


*1 : Under plannin 
Unit Byte 





Organization 


In this LSI manual, the MN101C117 functions are presented in the following order: overview, CPU basic functions, 


port functions, timer functions, serial functions, and other peripheral hardware functions. 
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@ Manual Configuration 


Each section of this manual consists of a title, summary, main text, supplemental information, precautions and 


warnings. The layout and definition of each section are shown below. 


Subtitle 








Sub-subtitle 





The smallest block 
in this manual. 


Main text 





Key information 





Important 
information from 
the text. 


4-3 16-bit Timer Operation (timer 4) 


4-3-1 Overview 


Timer 4 is a 16-bit programmable counter that can be used as an event counter. 

A signal with frequency of 1/2 of the timer 4 overflow signal can be output from the 
TMAlO pin. An input capture function and added pulse PWM output function can 
also be used. 


@ Timer Operation 


Settings for timer operation are listed below. 


(1) Set the TM4EN flag of the timer 4 mode register (TM4MD) to "0" so that the count 
operation of timer 4 is stopped. 

(2) Set the TM4CK2~0 flags of the TM4MD register to select fosc, fs/4, or fs/16 as the 
clock source. 

(3) Set the TM4PWM flag of the TM4MD register to "0" so that 16-bit timer operation is 
selected. 


Clock 


TM4EN 


Binar 
counter 4 





UU UU UU 


Write to registers 
TM4QCH, TM4OCL 


. eas 
\ i 


Figure 4-3-1 Binary Counter 4 (TM4BC) Count Timing 















































If the TM4EN flag of the TM4MD register is changed 
simultaneously with other bits, the switching operation may cause 





binary counter 4 to be incremented. 








om 


If the value of TM40CH and TM4OCL registers is overwritten while 
timer 4 has stopped counting, binary counter 4 will be reset to 
x'0000'. 
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Summary 





When servicing an interrupt, reset 
the timer 4 interrupt request flag 
before operating timer 4. 


During a count operation, be 
careful if the value set in TM40CH 
and TM4OCL is smaller than the 
value of binary counter 4, since 
the count-up operation will 
continue until overflow occurs. 
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Introduction to the 
section. 


Supplementary 
information 





Supplementary 
information for the 
main text. An 
explanation of 
terminology is also 
included. 


Precautions and 
warnings 
Precautions are 
listed in case of lost 
functionality or 
damage. 

Be sure to read. 
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Finding Desired Information 


This manual provides four methods for finding desired information quickly and easily. 


(1) 
(2) 
(3) 
(4) 


Consult the index at the front of the manual to locate the beginning of each section. 

Consult the table of contents at the front of the manual to locate desired titles. 

Consult the list of figures at the front of the manual to locate illustrations and charts by title name. 
Chapter names are located at the top outer corner of each page, and section titles are located at the bottom 


outer corner of each page. 


@ Related Manuals 


The following manuals are also available from Panasonic as part of the MN101C00 series. 








MN101C00 Series LSI Manual 


<Device Hardware Description> 


MN101C00 Series Command Manual 


<Command Descriptions> 


MN101C00 Series Cross Assembler User's Manual 


<Assembler Syntax and Entry Methods> 


MN101C00 Series C Compiler User's Manual —_ Operation 


<C Compiler Installation, Startup, Option Descriptions> 


MN101C00 Series C Compiler User's Manual Language 


<C Language Syntax Description> 


MN101C00 Series C Compiler User's Manual Library 


<C Compiler Standard Library Description> 


MN101C00 Series C Source Code Debugger User's Manual 


<C Source Code Debugger Usage Methods> 


MN101C00 Series PanaX Series Installation Manual 


<Installation of C Compiler, Cross Assembler, C Source Code Debugger; In-circuit 


Emulator> 


@ Where to Send Inquires 


Please send any inquires or questions concerning the contents of this manual to the Panasonic semiconductor design 


center closest to you. A list of addresses is provided at the end of this manual for your convenience. 


How to Read This Manual—3 


Chapter 1 


Chapter 2 


Chapter 3 


Chapter 4 


Chapter 5 


Chapter 6 


Chapter 7 


Contents 


Overview 


Basic CPU Functions 


Port Functions 


Timer Functions 


Serial Functions 


A/D Conversion 
Functions 


AC Zero-Cross 
Circuit/Noise Filter 


Appendices 





reo) ES Re) Sr ES eo) NS) BS 


Contents 





<Contents 1> 


Contents 





Chapter 1 Overview 


1-1 


1-2 
1-3 


1-4 


1-5 


1-6 


1-7 


Product. QVELVIEW vis. cee, sseesscessscesietessetdate Wecedess tees dens ededavenadsnudlsaevaniedeianaeaieeetetnpdi ies 2 
Pee! SOM CL VICW spec css ta sisaisdocescdse cases diaiteendendoctes Sapaegoens Socsecsacaa age ee ener oe tees Gunteians 2 
isle? -Product*Sumimary’ sijcccischeies: ts Mies Wechesteat tied A eles ee ate ees 2 
Hardware: FUuncti Ons. cis. cies. ciscccesnceasicedsta ciadisevedunscearvetee canaeevaavoatesaavexesesiaessneuansaupoatab canes 3 
PAS Seeesccate coveevetwusn tex saitustenescesn-eearceehce snags eancanecesateteneees detunctaceeevee te peseversscetageciicevtrenstise ss 5 
MeSeUs Vim Dia Sratniceiceascis2.csagesogecdts sas paccatensea tees dh ovaecs ioayec ate astensb oabesans Hoekdaakb des atenies 2) 
133-2. “Pins FUuMCtiOn SUMMALY ... se.265 sscec cage Heases bis ccsescaenedugedssedesees daoueed eisins ceatesscedes ates 8 
OVErVIEW OF PUNCH OMS seiccccdvecesssedecvestecieeaics nis tatse aass-anessdeantatestansectaupeenearaaeanrans 12 
HAs. “BLOCK Dia Stati cis cisiadaksscevcscdecveesess ade ekes tages: cbees dochecba sets sbaceeeetabdae a inedacevastiees 12 
Blectrical Charactemstrcs cis: cstcctsnsesticdsh Sia teiihe aise nes deshvae damsiih na aden dedestaet teseanteeed 13 
1-5-1 Absolute Maximum RatingS «0.0.0... ee eeeeceeseceecneceeeeeeeeaeseeeneeseeeeaeseeeeesenees 13 
Is522. “Operating Conditions :sssccecesasaceyicisy cudeescenes apes scegarsensssnesane sei yeceicnses yess teeeseeioea 14 
Ta523. IDC “CHAaracteriStics iy. fags ices \ainaseacdienceueteases casces ines dus daeastaasseantasegtedetiesussioesien 17 
1-5-4 A/D Converter Characteristics.........cescescccesessceceeeeeeeeceaeeeeeceaeeeaeessaeeeeeseaeens 21 
OPC Mes eeats csv chase age seex sive dees siete ia tas exyees ty eeeeade eel eevee verted Weeriateaterate 22 
T=6=1 (ROM) Optto mists sissies c.cedss cares sticscesccoadeses tapabecs coedoastabact anes otatbeaaesapdeadescaseecasesaaae 22 
126-2. TOption Cheek: LS tise tacit iesous coatees sesies tactieaa thas oli oen ad acti age eee ee 23 
Outline DrawiN 8 sis sees. csaseciesscvsiesncesensea chcvevacsies wraesenepsceancdeaescnevoed esuevaossudveounebiuuny erase 24 


Chapter 2 Basic CPU Functions 


2-1 
2-2 


2-3 


2-4 


OV VSN VL Wiss oe oo dshag te ses cswetateaeaceuect caveat esacshaesuds sawuassseaosaues tudes agaievees tenes osecasshiomeatsuidesiou ne 28 


Address Space 


2-2-1 Memory Contisuration ...iccesscsdctesseadescasschoysteaseveartsaalecsenabengnnetehGdeeiae 28 
2-2-2 Special PUNCHON REGIStePS.i..2.....cssisedsassiedscds sedeessasescaneschiesensedacdeslascapiseiessdeay 28 
IBUS INTStlaCe shsiesiecicteigiaiotiocsstuesouscpilegs sehaee tact ieaelies uchac ened jeachctyacieee ang eeebuasleeeieet 29 
DQeBa OVERVIEW ep ccicsccsasecdesdevspeenacsanita cacdhsacvies srnaneetips soateedeschevoey eeaevanssuaveoenn ovis tose 30 
223-2. “Control RESISCEr sc isosc. sxcetesseite ses weedetesstesreeden boetceatesbeysessuadyseumietevandvepavte teen casa 30 
TRL EUP US sce sess eocee caches tess ete ctscs ap ve ta etaad elie eats ortaes eaiedie en ee eaten Oe cheeee eases 31 
2-4-1 Accepting and Returning from Interrupts... ee eee eeeeeeeeeeteeteeeeeeeeeees 31 
2-4-2 Interrupt Sources and Vector Addresses... eee seeeseeeeeeseeseeeeeeseeeeeeeens 33 
2-4-3 ‘Interrupt Control Registers iss. oc.c..c-csecsspascdscssdecssanesdencssbasepeacdaedscdesdanassipestipas 34 
IRCSCb oi esi. sced thees ioe ssiztecheicsavastasaesviies ovsteaueayecsuae.caetseaeists sesrisvanseicvopeeiese east etaeraanelaieeeus 36 


Chapter 3 Port Functions 


3-1 
3-2 


3-3 


OVEIVIEW a setieesi tet indectentubed cutie haters EAI dented laa dabei 38 
Port’ Control REg18ters: cscsisvseessiscassccasssceayee Ses seeuncasesscsseeseneeceseyp cadegesouccad edesdes cgeeasteat 4l 
Ba2e) » OVERVIEW fle Ril eh Selle eee ta aE ed SA eh aonb Oe 41 
3-2-2 T/O Port Control Registers 0... ec ceeeeecseceseeseeeseceeeeseeseeeseesaeeaeeeeeeneeeaeees 45 
I/O Port Configuration and Functions 000.0... cee eeceseeseeseceeceseceeeeseeeseseeeesesseeeaeeseeeaees 47 


Chapter 4 Timer Functions 


4-1 
4-2 


4-3 


4-4 


4-7 


4-8 


4-9 


VERVIEW sue Aoesieceeciinas scbgsbentennd condetes tb aud os oes lacie dseek htcaduecbeshenies de tadaadesd seivsbenyecgtesenas 56 
8-bit Timer Operation (timers 2, 3)... ceseeeceesssceseeeeeecesceseneceacecseeceaeeeseeceaeeeteeceaeeeeeeeeas 62 
AeQ-V SOV OIVICW? saci scensteasces sia destasteniacassesousenseaiceteaeseeaveseesespeuaal oud eae ousted ates ceseaeshes 62 
4-2-2 - Qperatlonrsiets ok avieuda testa tasted sti llnS heave ees 63 
16-bit Timer Operation (timer 4)... eee eeeeesseeeseeceeeeseeeeseeeseeceaeeeeecsaeeeneessareeseeenaeens 69 
A-BaVs “OVOLVICW i.sdeccsiigcssestdscseve nocd cacassdsssdbei tended stajis ave slapestastsdstivasecdsaotascesesesdoesdeeed 69 
A-3-2 = (OpPeratlonissrsset esis toc tece eebosdsttsle es oot ives Welles teal ee elated 69 
8-bit Timer Operation (timer 5)... eee eeeeeeeneceseeeecececeeseeceacecsneceaeeseeceseeeneeceaeeeeeeeeas 76 
A-A-], - (OVCTVICW iiiiies weniibweietid Wi aS teti tse ee betisryn Hace ete ea eee ee eee ad 76 
AAD “OPCTAU OM seciscensipesesssesresstasdeviscasyedcuesnanactlaaed lessees teseseauesepcddasepustarhseates cies iees 76 
Time Base Operation nc: c cic. cseci sci cece cssuacsoptesscbeslnacsecsepeubevecessvnaduecs duasacpeeaendasceneesuesedenas 77 
ASa1s TOV OLVICW ss ses tae ciose dete soieees aces pioddes eet eey eek ks decd tie oninieatasvatecsloeesds 77 
A-5-2: “OPCTAtlOMe :.:discssaseeseskssceess seeks daasas disscbesendibesdajea dashslapessisdsaszectaacisaniaseesesssdesbevbes 77 
Watchdog Timer Operation .0...... eee ec eecesecseceseeseeeseceeeeseceseeseesaecsecesecseesaesseeeaesneeeaes 78 
4-621) «(OV CTVIOW iaticas sialic te sttecss Be Ea B gists te el Malet ates h Ada aie ees 78 
4-6-2: -Setup-and Operation ..2..cien is ai tastenchieeevn eae veal adic endian 78 
Remote Control Output Operation... eee eeeeseesceeseceeeeseceseeaeseaesseeesesseesaeeseeeaees 719 
ALT=. (OVEIVIOW:.iiten die eastesisind don Shia tsi ech heehee tel aera 79 
4-7-2. “Setup:and Operation... ,.c.00:. sekisieieeenyale ead Melia cele entered 79 
BUZZer Output vi.sc.5.sdiscstescsssctsectscansesscacasesespbsddessisescajes dasestanestactsdapsoisaessaeiaseecesss does dius 80 
4-8-1 Buzzer Output Setup and Operation... eee ce eseeeeeseceseeneeeseeeeeeaeeneeeaes 80 
Timer Function Control Registers... ecceeeseeseessesseeseceeceaecesesseeesesesesesseseseeseeeaees 81 
AAO=]. COV EDVIOW sas sscessis coed esseesscastiniccdd se dauaedasiovinae aia asechasneetint Hadeestonditie eats 81 
4-9-2 Programmable Timer/Counters 20... eee eeeeseceeeseeeseeseeesecseeeaeeseeeaesneeeaes 82 
4-9-3 Timer Mode Registers... eseeseseecesecseeeseeseeesecseeeaeeseeeaeenseeseenseeaeenaes 85 
4-9-4. -Timer: Control REgiStets «cise. cress cesocaescesasey cusses eusdestecvsecees sp vec cesdebsateueea tvecsasetyes 89 


<Contents 2> 


<Contents 3> 


Chapter 5 Serial Functions 


5-1 
5-2 


5-3 


5-4 


OV ELVIEW ice nisveccctace cutis severested ccna, voveddusuvs nueva lueweedoveussveueousdpetveb caved aasbensevonasvemderanteeeivaast 92 
Synchronous Senal [nterlacess:.s. si csssccssadssseccsehidioaadvnass ih cs0eucesapasisecdenicsvveceaeassbastusisvepade 94 
De2e ll OVERVIEW sere ds cases ctectehie ses Mi Gales eerste ta aecta chide eeieh end as Naiaedelided 94 
5-2-2. Settip atid Operation. cvscccccseessnsevasscceapereny sense svecveresnessousuecaieevaevtenssasseevepertaee 94 
5-2-3. Serial Intérface Transfer Timing «02.2.0, cs0.scesessesevacteieazeveestes ccscusceaestseesepasonstee 99 
Half-duplex UART Serial Intertace is. cisccicsstsceuscxsezedscpiaded sasastascsevs ives dbbeasesisderetezonteane 101 
DEM: OVERVICW setae caedtas ioe ceteesinvs socrszess tees tocislecvestes fuesani vena aces svereee ns sebdetnen teenies 101 
5-322, SUP ANd Operation vocssveveescivesze secekedswvses eaves becsadhedyhautee Ween siea by eateceeeestls 101 
5-3-3 How to Use the Baud Rate Timet vc.:..:...csccccecssessecestassceeessntesessesesiccansstezseese 105 
Serial Interface:Control REeisters weiss tates i al aie nies 106 
SeA=1 OVERVIEW ai soiis seis cecks ctu sichevsceccaava saceacectipertunvdbesecnisbesavecuastasovenscveensteuacnausevis 106 
5-4-2 Transmit/Receive Shift Registers, Receive Data Buffer... eee 107 
5-4-3 Serial Interface Mode Registers 00.0... eeceeeeeeeseeeeseeseeeaeeeeeeaeeeeeateneeeatenes 108 
5-4-4 Serial Interface Control Register oo... eee ceeeeeceeeceseeeeaeesseeeeeseeneeeeeens 112 


Chapter 6 A/D Conversion Functions 


6-1 
6-2 
6-3 


Oh (on ig (eh) aeerrererteet terre ceetrepeerey ricrrete peccr erie eererrer creer teereererreteser eee tte reece 114 
ASTD CONVEPSIOM ss. va csivads cosas scnedseeacscnevsdicusskewacdoveud suave stens conde avenlovatacvandentcvenctedieedueedeeeene 115 
AMD Converter Control REGIS(ELS ces. ce sedesstdenaee sents cpenesete. sed sevesn geceetesutny cesawadeexcaeees 117 
OnSHT, “OVERVICW lite sects acct Leciasnictecsate toads haniv csaseeipaacabas Gees iaks cae sdaetaeetede ats 117 
6-3-2 A/D Control Register (ANCTR)........ cece eeceesceseeceeeeeseeeeaeceseeeeaeeeeessaeeeaeereas 118 
6-3-3. A/D Butters (ANBUPR) sscccicdsssssdscecsscedsstansvvvas savas costs eusncvnacaddvaanesvstasanaeseneseans 120 


Chapter 7 AC Zero-Cross Circuit/Noise Filter 


7-1 
7-2 


7-3 


7-4 


MPV ET VIEW 550255 stetetbiaes Ns ia iSGt ieee Shade es oes pieces san csstbg sed uesGasodadsassieeenesdeeesseseustievstossswanesessces 122 
AC Zero-Cross'Circtiit Operation sie... sete east sees cent coe sees sececeoneviensvasscvedagsassivane ects 123 
Fe2-1 Setup atid Operatwon, 2...2.5.655 esses cveedediedeseasinctsagese ia ceasceeecedtoangsaiicests leseustsedess 123 
INOISG: Falter iciocscts cocvesactesteh raetenvsi inadvertent Wine niaae aie 124 
VeS=1  OVELVIOW ws cvsiseeissccvasscsaseaechaverscecstasusvdndoususecousevedseteeieesads cua vesusvontsvebeomueenseetis 124 
7-3-2. Example Input and Output Waveforms for Noise Filter... eee 125 
AC. Zero-Cross’ Control Register ccccasess:iiscescisessspesces tesadarsasassiesbsveesseasvascsabiesdebtisectane 126 
TAL MONET VIEW 22355 ciiec ess Ee estes eed ee sets ed aes 126 
7-4-2 Noise Filter Control Register (NFCTR) ........eeceeecceeceeeseeseneeeneeeeaeeeneeenaeeaes 127 


Appendices 


8-1) [EPROM Versions ajs:.sczssesss.detccugsnebesee ti exten awe ceeeeie iv ab abetadesegsiensieiceass cassedtsetsb eebeceieedes 130 
BHLSL “OVERVIEW? sxasevecciesscecstesenis sshecds sanbotoectiavastsovaeas co aoenestcdinaeadd aassigesieat tee coeeaiag 130 
8-1-2 « Cautions On USe iii ste cet atetleth HA eh Aad eh ees 131 
8-1-3 Erasing Written Data in Windowed Packages ..........eeeeeeeseeeeseeeeeeneeneeeees 132 

(PX-AP101C11-SDC, PX-AP101C11-FBC) 
8-1-4 Characteristics of EPROM Versions. ........0...eceeceeseeeeeeseesseeeeeseeseensecaeenseeaes 133 
8-1-5 Writing to Internal EPROM... eee eeeeeeceeeeneceseeseeeaeceeceaeeneeeaeenaeeaes 134 
8-1-6 Cautions on Handling the ROM Writer... eee eeeeseeeeeeeneeeeenseeaes 136 
8-1-7 Option Bitevsc, Sees sccacesesdesesstect ce ssocotesbenlsotaeas ce aoett sacedsheods aeasidesteat ae ates: 137 
8-1-8 Writing Adapter Connection... eee ec ceeeseeseeeseeseceseeseeeaeceeeeaecneeseseaeaes 138 

8-2° INStMChOn Sets ica. sicsid he hegton dh dosed epdeets pds tee toenbislaneescepieedasd igus cbastesspeeyeen id antevioncbens 141 

8-3" Instruction! Maps). coced deste ds deadh teces eve ceic ee veedeep hs ceyeesscavaabateerved dese adeasenieve daeesares 147 

8-4 Special Function Registers s.....::c.cscccssssascsstsessssescetescapecsecessanasensesacasscsosasncssonsvasessssessys 149 


<Contents 4> 


Chapter 1 Overview 


Chapter 1 Overview 


2 


Product Overview 


1-1 Product Overview 


1-1-1 Overview 


The MN101C00 series of 8-bit single-chip microcomputers incorporate several types of 
peripheral functions. This chip series is well suited for VCR, MD, TV, CD, LD, printer, 
telephone, home automation, pager, air conditioner, PPC, remote control, fax machine, 


musical instrument, and other applications. 


The MN101C117 has an internal 16 KB of ROM and 512 bytes of RAM. Peripheral 
functions include four sets of timers, one set of serial interfaces, an A/D converter, and 
remote control output. The configuration of this microcomputer is well suited for applications 


as a system controller in a VCR selection timer, CD player, MD, or portable terminal. 


With two oscillation systems (max. 20 MHz/32 kHz) contained on the chip of 48-pin QFP 


package, the system clock can be switched between high and low speed. 
When the oscillation source (fosc) is 8 MHz, a machine cycle lasts for 250 ns. When fosc is 


20 MHz, a machine cycle is 100 ns. The package are available with three types of 42-pin 
SDIP, 44-pin QFP and 48-pin QFH. 


1-1-2 Product Summary 


This manual describes the following models of the MN101C11 series. These products have 


identical functions. 


Table 1-1-1 Product Summary 























Model ROM Size RAM Size Classification 
MNIOIC115* 8 KB 256 bytes Mask ROM version 
MNIOIC117 16 KB 512 bytes Mask ROM version 

MNIOICP117 16 KB 512 bytes EPROM version 








*1 Under development 


1-2 Hardware Functions 


ROM/RAM Size: — <Single chip mode> 
Internal ROM? ~—-16,384x8-bit*® 
Internal RAM? = =—-512x8-bit 


Machine Cycles: High speed mode 0.10u1s/20MHz (4.5V to 5.5V) 
0.25u1s/8MHz(2.7V to 5.5V) 
1.00p1s/2MHz(2.0V to 5.5V) 

Low speed mode 125us/32KHz(2.0V to 5.5V)** 


Interrupts: 12 interrupts(11 interrupts except for 48-pin QFH package) 

<External interrupts> 

The active edge can be selected for all external interrupts 

TRQO External interrupt (can be connected to noise filter) 

TRQ1 External interrupt (can determine zero crossings, can be 
connected to noise filter) 

TRQ2 External interrupt 

TRQ3 External interrupt ** 

<Timer interrupts> 

TM2IRQ Timer 2 (8-bit timer) 

TM3IRQ Timer 3 (8-bit timer) 

TM4IRQ Timer 4 (16-bit timer) 

TMSIRQ Timer 5 (8-bit timer) 

TBIRQ Clock timer interrupts 

<Serial communication interrupt> 

SCOIRQ Serial 0 (synchronous + simple UART 

<A/D conversion complete interrupt> 

ADIRQ A/D conversion complete 

<Watchdog timer interrupt> 

NMI Overflow of watchdog timer 


Timer/Counters:five timers, all can generate interrupts 

Timer 2 8-bit timer 
Square wave output, 8-bit PWM output are possible, 
Clock source: fs, fs/4, fx*4, TM2IO pin input 

Timer 3 —8-bit timer 
Square wave output, synchronous serial/UART baud rate 
timer 
Clock source: fosc, fs/4, fs/16, TM3IO pin input 


Remote control carrier can be generated. 
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*2 Differs depending upon the 
model. 
[es 1-1-2 "Product Summary"] 


*3 Bit 8 of the last address for 
the built-in ROM of MN101C011X 
is an optional bit; therefore, this 
cannot be used as an ordinary 
ROM. 


*4 Exclusive for a 48-pin QFH 
product. 
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*5 


*6 


*7 


26 ports for 44-QFP 
27 ports for 48-QFH 


12 ports for 48-QFH 


4 ports for 48-QFH 


Hardware Functions 


Remote control 
carrier output: 
Buzzer output: 


Serial interface: 


A/D converter: 


Timers 2 and 3 can be cascaded. 
Timer 4 16-bit timer 


Square wave output, 16-bit PWM output are possible. 
Clock source: fosc, fs/4, fs/16, TM4IO pin input 


Input capture function 
Time base timer 
Clock source: fosc, fs/4, fx**, fx/23** or fosc/2" 
X1Oat 32kHz, can be set to measure one minute intervals** 
Can operate independently as timer 5 (8-bit timer). 
Watchdog timer 
Selected by the mask option as fs/2", fs/2"’, or fs/2” 
Based on the timer output, a remote control carrier with duty ratio 
of 1/2, 1/3 can be output. 
Output frequency can be selected from fs/2’, fs/2°, fs/2" or fs/2”. 


Synchronous/ Simple UART (half-duplex) 
Transfer clock: fs/2, fs/4, fs/16, 1/2 of timer 3 output 
When using timer 3, the transfer rates for a 12MHz 
oscillation are 19200/9600/4800/2400/1200/300 bps. 
MSB or LSB can be selected as the first bit for transfer. An 


arbitrary transfer size of | to 8 bits can be selected. 


10 bits x 8 channels 


LED driver function:8 pins 


Ports: 


1/O ports 25 ports (8 have dual functions)** 
LED (large current) driver ports: 
8 ports (push-pull configuration) 
Input ports 11 ports (all have dual functions) *° 
Number of pins with dual function for external interrupts: 3*7 


(One of which can also be used for zero-cross input.) 


Number of pins with dual function for A/D input: 8 
Operation mode input pin: 1 
Reset input pin: 1 


Operation modes: NORMAL mode 


Package: 


SLOW mode** 
HALT mode 
STOP mode 


and switches operating clock** 


42-SDIP, 44-QFP, 48-QFH 


1-3 Pins 


1-3-1 Pin Diagram 


TXD,SBOO,P00 H 
RXD,SBIO,P01 Ge—> 
SBTO,P02 G 

BUZZER, P06 

RMOUT,P 10 i<—> 
P11 
TM2I0,P 12 f 

TM3I0,P 13 be—> 
TM4I0,P 14 G 
IRQO,P204 

IRQ1,P21 B—>111 

IRQ2,P22 4 

P60 E 

P61 Ge—>} 14 

P62 E 

P63 E 

P64 Ge—>} 17 

P65 E 

P66 L 

P67 E>} 20 

NRST, P27 


1 
2 
3 
4 
5 
6 
7 
8 
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PI80,LE DO 
P81,LED1 
PI82,LE D2 
Pi83,LED3 
Pi84,LED4 
PI85,LED5 
Pi86,LE D6 
PI87,LE D7 
MMOD 





Figure 1-3-1 Pin Diagram (42-SDIP: TOP VIEW) 
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44 43 4 
LED3,P83 >| 1 P63 0 
LED2,P82 kK 2 P62 O 
LED1,P81 k= 3 P61 O 
LEDO,P80 E>} 4 P60 O 
ANO,PAOE& 5 P22, IRQ2 0 
AN1,PA1 &—>| 6 MN1010117/115 P21,IRQ1,SENS 0 
AN2,PA2 &—>| 7 44-QFPU P2O,IRQO U0 
AN3,PA3 &—>| 8 Pl14,TM4I0 0 
AN4,PA46—>| 9 P113,TM3I0 O 
AN5,PA5 #— 10 Pl 2,TM2I0 
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TXD,SBOO,P00 
RXD,S BI0,P01 
SBT0,P02 
BUZZER, P06 
RMOUT,P10 


Figure 1-3-2 Pin Diagram (44-QFP: TOP VIEW) 
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t+ 
(an) 
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t+ 
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<> P85,LED5 





LED3,P83 ke—>| 1 


ANO,PAO MN101C117/115 
48-QFHO 


AN6,PA6 25 
13 14 15 16 17 18 19 20 21 22 23 24 


AN7,PA7 

VDD 

OSC2 

OSC1 
TXD,SBOO,P 00 
RXD,SBIO,P01 
SBT0,P02 
BUZZER,P06 
RMOUT,P 10 


Figure 1-3-3 Pin Diagram (48-QFH: TOP VIEW) 


P63 0 
P62 0 
P61 O 
P60 0 
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P23,IRQ30 
P22,IRQ20 
P21,IRQ1,SENS 0 
P20,IRQO0 
P14,TM4I0 O 
P13,TM3I0 0 
P12,TM2I0 
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1-3-2 Pin Function Summary 


“The pin numbers in the list correspond to the QFH package(Refer 


to Figure 1-3-3 Pin connection.) Be careful when using SDIP and 
QFP packages. 


Table 1-3-1 Pin Function Summary (1/4) 





Pin No. 


Name 


Type 


Dual Function 


Function 


Description 





17 
14 


VSS 
VDD 


Power supply pins 


Apply 2.0V to 5.5V to VDD and OV to VSS. 





16 
15 


18 
19 


OSC1 
OSC2 


XI 
XO 


Input 


Output 


Input 


Output 


Clock input pin 
Clock output pin 


Clock input pin 
Clock output pin 


Connect these oscillation pins to ceramic or crystal oscillators for high- 
speed clock operation. 

If the clock is an external input, connect it to OSC1 and leave OSC2 
open. The chip will not operate with an external clock when using either 
the STOP or SLOW modes. 


Connect these oscillation pins to ceramic or crystal oscillators for low- 
speed clock operation. 

If the clock is an external input, connect it to XI and leave XO open. 
The chip will not operate with an external clock when using the STOP 
mode. If these pins are not used, connect XI to VSS and leave XO open. 
*42-SDIP and 44-QFP packages have no pins of this kind. 





43 


20 to 23 


POO to P02 


1/0 


1/0 


P27 


SBOO(TXD), 





Reset pin 


I/O port 0 


This pin resets the chip when power is turned on, is allocated as P27 and 
contains an internal pull-up resistor (Typ. 35 kQ). 
Setting this pin low initializes, the internal state of the device 
is initialized. Thereafter, setting the input to an"H"level release the reset 
The hardware waits for the system clock to stabilize, and then 
processes the reset interrupt. 

Also, if "0" is written to P27 and the reset is initiated by software, a low 
level will be output. The output has an n-channel open-drain configuration. 
If a capacitor is to be inserted between RST and VDD, it is 
recommended that a discharge diode be placed between RST and VDD. 


4-bit CMOS tri-state I/O port. 











P06 








SBIO(RXD), 
SBTO, 

DK 
(BUZZER) 








Each bit can be set individually as either an input or output by the 
PODIR register. A pull-up resistor for each bit can be selected 
individually by the POPLU register. 

At reset, the input mode is selected and pull-up resistors are disabled 


(high impedance output). 
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Table 1-3-1 Pin Function Summary (2/4) 














IRQI(SENS), 


Pin No. Name Type  |Dual Function Function Description 
24to28 |P10toP14 |I/O RMOUT, 1/O port 1 5-bit CMOS tri-state I/O port. 
TMZ2I0 to Each bit can be set individually as either an input or output by 
TM4IO theP1DIR register. A pull-up resistor for each bit can be selected 
individually by the P1PLU register. At reset, the input mode is 
selected and pull-up resistors are disabled (high impedance output). 
4-bit input port. A pull-up resistor for each bit can be selected 
29 to32 =| P20 to P23_—‘| Input IRQO, Input port 2 


selected and pull-up resistors are disabled (high impedance output). 
ei P23 pin does not exist for 42-SDIP, 44-QFP packages. 


individually by the P2PLU register. At reset, the input mode is 


Port P27 has an n-channel open-drain configuration. When "0" is 





41 to 42 


P70 to P71 





1/0 


43 P27 Input RST Input port 2 
written and the reset is initiated by software, a low level will be 
output. 

33 to40 =| P60 to P67 {I/O I/O port 6 8-bit CMOS tri-state I/O port. 





I/O port 7 


Each bit can be set individually as either an input or output by the P6DIR| 
register. A pull-up resistor for each bit can be selected individually by the 
P6PLU register. At reset, the input mode is selected and pull-up resistors| 
for P60 to P67 are disabled (high impedance output). 


2-bit CMOS tri-state I/O port. 

Each individual bit can be switched to an input or output by the P7DIR 
register. A pull-up or pull-down resistor for each bit can be selected) 
individually by the P7PLUD register. 

However, pull-up and pull-down resistors cannot be mixed. 
At reset, the input mode is selected and pull-up resistors are disabled (high! 
impedance output). 

P70 and P71 pins do not exist for 42-SDIP package. P71 pin does not exist 
for 44-QFP package, either. 





1 to4 
45 to 48 








P80 to P87 





1/0 





LEDO to 7 





I/O port 8 


6 to 13 PAO to PA7| Input ANO to AN7 | Input port A 





8-bit CMOS tri-state I/O port. 

Each individual bit can be switched to an input or output by the P8DIR| 
register. A pull-up resistor for each bit can be selected individually by 
the P8PLU register. When configured as outputs, these pins can drive 
LED segments, directly. 

At reset, the input mode is selected and pull-up resistors for P80 to P87 
are disabled (high impedance output). 


8-bit input port. 

A pull-up or pull-down resistor for each bit can be selected 
individually by the PAPLUD register. However, pull-up and pull- 
down resistors cannot be mixed. 

At reset, the PAO to PA7 input mode is selected and pull-up resistors 


are disabled. 
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Table 1-3-1 Pin Function Summary (3/4) 





Pin No. 


Name 


Type 


Dual Function 


Function 


Description 





20 


21 


TXD 


RXD 


Output 


Input 


SBOO(P00) 


SBIO(P01) 


UART transmit 
data output pin 

UART receive 

data input pin 


In the serial interface in UART mode, these pins are configured as 
the receive data input pin and transmit data output pin. 

A push-pull or n-channel open-drain configuration can be selected for 
TXD by the SCOMD1 register. 

Pull-up resistors can be selected by the POPLU register. The TXD 
and RXD pins are also allocated as POO and P01 respectively. When 


not used as serial/UART pins, these can be used as normal I/O pins. 





20 


SBOO 


Output 


TXD(P00) 


Serial interface 
transmit data 


output pin 


Transmit data output pin for serial interfaces 0. The output 
configuration, either CMOS push-pull or n-channel open-drain, and 
pull-up resistors can be selected by the software. Set these pins to the 
output mode by the PODIR register. 

SBOO0 is allocated as POO. This may be used as normal I/O pin when 


the serial interface is not used. 





21 


SBIO 


Input 


RXD(P01) 


Serial interface 


receive data input 


pin 


Receive data input pin for serial interfaces 0. Pull-up resistor can be 
selected by the POPLU register. 

Set these pins to the input mode by the PODIR register. 

SBIO is allocated as P01. This can be used as normal I/O pin when the 


serial interface is not used. 





22 





SBTO 


1/0 


P02 


Serial interface 
clock I/O pin 


Clock I/O pin for serial interface 0. The output configuration, either 
CMOS push-pull or n-channel open-drain output, can be selected by 
the software. The direction of SBTO is selected by the PODIR register 
in accordance with the communication mode. Pull-up resistors can be 
selected by the POPLU register. SBTO is allocated as P02. This can be 


used as normal I/O pin when the serial interface is not used. 





22 


Buzzer 


1/0 


P06 


Buzzer output 


Piezoelectric buzzer driver pin. The driving frequency can be 
selected in the range of fs/2 to fs/2 by the DLYCTR register. Select 
output mode by the PODIR register and select buzzer output by the 
DLYCTR register. When not used for buzzer output, this pin can be 


used as a normal J/O pin. 





24 


RMOUT 


1/0 


P10 


Remote control transmit 


signal output pin 


Output pin for remote control transmit signal with a carrier signal. 


Can be used as a normal I/O pin when remote control is not used. 





26 to 28 





TMZ2I0O to 
TM4IO 








1/0 


P12 to P14 








Timer I/O pins 





Event counter clock input pins, overflow pulse output pins and PWM 
signal output pins for timer 2 to 4. 

To use these pins as event clock inputs, configure them as inputs by 
the PIDIR register. For overflow pulse and PWM output, configure 
these pins as outputs by the P1DIR register. When the pins are used as 
inputs, pull-up resistors can be specified by the P1PLU register. When 


not used for timer I/O, these can be used as normal I/O pins. 
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Table 1-3-1 Pin Function Summary (4/4) 




















Pin No. Name Type Dual Function Function Description 
44 MMOD Input Test mode This pin sets the test mode. 
switch input pin | Must be set to L. 
29 to32 | IRQO to Input P20, External interrupt | The valid edge for these external interrupt input pins can be selected 
TRQ3 P21(SENS), | input pins with the IRQnICR registers. 
P22,P23 IRQI is an external interrupt pin that is able to determine AC zero 

crossings. It can also be used as a normal external interrupt. 
When IRQO to 3 are not used for interrupts, these can be used as normal 
1/O pins. 

6 to 13 ANO to AN7 Input PAO to PA7 | Analog input pins | Analog input pins for an 8-channel, 10-bit A/D converter. 
When not used for analog input, these pins can be used as normal I/O 
pins. 

30 SENS Input IRQI(P21) | AC zero-cross SENS is an input pin for an AC zero-cross detection circuit. The AC zero- 














detection input pin 





cross circuit outputs a high level when the input is at an intermediate level. It 
outputs a low level at all other times. SENS is connected to the P21 input 
circuit and the IRQI interrupt circuit. When the AC zero-cross detection 
circuit is not used, this pin can be used as a normal P21 input. The P21IM flag 
of the FLOATI register sets which input is selected. 








Pins 11 


Chapter 1 Overview 





TXD,SBOO,P00 <«—| 
RXD,SBIO,P01 ~#—? 
SBTO0,P02 —<—_| 

P06 <a? 








RMOUT,P10 <#—> 
P11 <> 


1-4-1 Block Diagram 


1-4 Overview of Functions 














TM2I0,P12 <¢—>| 
TM3I0,P13 <«—| 
TM410,P14 ~t—| 











IRQ0,P20 ~<«—| 
SENS,IRQ1,P21 ~<¢— 
IRQ2,P22 <—_~ 
IRQ3,P23 <r] 
RST,P27 <—_ 





AN7,PA7 ——-> 
AN6,PA6 ——+ 
AN5,PA5 ——+> 
AN4,PA4 ——| 
AN3,PA3 —— 


























- N a 
° 98 Bo ies 
x x Oo Oo >> cS 
[o) 
5 | | | 
ao ~<— P60 
Sub-clock ys CPU |<» PG 
oscillator , MN101C00 <q» P62 
oscillator o 
«= ~~ P63 
tc O |<< P64 
fo) ROM RAM o 
a ~t— P65 
16 KB 512 bytes P66 
ra : j~<t— P67 
<i | 8-bit timer 2 External interrupt ~<—»P70 
= 7a ™ |<< P7 { 
& | 8-bit timer 3 Serial interface 0 = 
o 
| 16-bit timer 4 Time base timer 5 
~«t—» P80,LED0 
~—<— P81,LED1 
a A/D conversion Watchdog timer co |—t— Pg? | ED2 
eo S |}~—-P83,LED3 
o 


AN2,PA2 —— 
AN1,PA1 ——> 





ANO,PAO ——? 
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Overview of Function 

















~—t— P84,LED4 
~—+—_ > P85,LED6 
~<— > P86,LED6 
—t—_ P87,LED7 








Figure 1-4-1 Block Diagram of Functions) 


1-5 Electrical Characteristics 





Contents MO! min1016117/115 








Classification CMOS integrated circuit 
Use General purpose 
Function CMOS, 8-bit, single-chip microcomputer 
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1-5-1 Absolute Maximum Ratings =» 


This LSI manual describes 
standard specifications. 

Before using the LSI, please 
obtain product specifications 
from the sales office. 
















































































Parameter Symbol Rating Unit 
1 Supply voltage V5. —0.3 to +7.0 Vv 
2 Input clamp current (SENS) | IC —500 to 500 HA 
3 Input pin voltage Vv, —0.3 to V,,+0.3 Vv 
4 Output pin voltage Vo —0.3 to V,,+0.3 Vv 
5 1/O pin voltage Vi -0.3 to V,,+0.3 Vv 
6 P8 T .,, (peak) 30 
Peak output 
E t P8 20 
7 ene xcep I aa (peak) 
8 All pins I, (peak) -10 
mA 
9 P8 T.,, (avg) 20 
yo | AVeMge Output) pee dianPS | I. (avg) 15 
current” oa ANE 
11 All pins I ,, (avg) —5 
12 | Tolerable loss PD 400 mW 
13 | Ambient operating temperature 5 —40 to 85 2C 
14 | Storage temperature ‘ty —55 to +125 °C 
Note: *' Applicable even for an interval of 100ms. 


? Insert at least one bypass capacitor of 0.1uF or more between a power source pin 
and GND to prevent from latchup. 
* Absolute maximum ratings indicate the allowable limit to which applied voltage 
does not damage a chip, not guarantee the operation. 
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1-5-2 Operating Conditions 


Ta=40 to +85°C. V,,=2.0105.5V V,=0V 




















































































































a Rating , 
Parameter Symbol Conditions Unit 
MIN TYP | MAX 
Supply voltage 
baal Vins fosc < 20.0MHz 4.5 5.5 
2 Vv fosc < 8.39MHz 2.7 ies) 
|__| Supply voltage Dpe Vv 
3 /during operation Vie fosc < 2.00MHz 2.0 5.5 
* = 
4 Vong | fx = 32.768kHz 2.0 5:5 
5 | Voltage to maintain RAM data | V_.. STOP mode 1.8 5.5 
Operating speed * 
6 tcl Vipw45 to 5.5V 0.100 
7 tc2 Vop727 to 5.5V 0.238 ys 
Instruction execution time 
8 tc3 Vop=2.0 to 5.5V 1.00 
9 te4 *! Vp72.0 to 5.5V 40 125 
Crystal oscillator 1 Fig. 1-5-1 
10] Crystal frequency fxtal 1 Vop745 to 5.5V 1.0 20.0 |MHz 
11 C,, 20 
External capacitors pF 
12 Cc 20 
12 
13] Internal feedback resistor | RF10 700 kQ 
Crystal oscillator 2 Fig. 1-5-2*! 
14] Crystal frequency fxtal 2 32.768 kHz 
15 C,, 20 
|__| External capacitors pF 
16 C,, 20 
17| Internal feedback resistor | RF20 4.0 MQ 
Note: *1. Only for 48-QFH package 


t,t.» t.,: OSCI is the CPU clock 
t ,: XILis the CPU clock 

































































OSC1 XI 
oe . 
700K] Saal somo] ——— 
Typ xtal Co Typ fxtal2 CJ] 
MN101C }}—___———- MN101C {}—_———— 
OSC2 XO 
C12 —_ == CTL C22-—— ~~ C21 
































LOE 


The instruction cycle is twice the clock cycle. The instruction cycle is four times the clock cycle. 
The feedback resistor is built-in. The feedback resistor is built-in. 


Figure 1-5-1 Crystal Oscillator 1 Figure 1-5-2 Crystal Oscillator 2 *1 
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i Rating : 
Parameter Symbol Conditions Unit 
MIN TYP | MAX 
External clock input 1 OSC1 (OSC2 is unconnected) 
18) Clock frequency aoe 1.0 20.0 |MHz 
19| High level pulse width* | twh 1 20.0 30.0 
a Fig. 1-5-3 ns 
20) Low level pulse width’ | twl 1 20.0 30.0 
21) Rise time twr 1 5.0 
Fig. 1-5-3 ns 
22 | Fall time twf 1 5.0 
External clock input 2 XI (XO is unconnected)*2 
23 | Clock frequency fx 32.768 100 | kHz 
24 | High level pulse width’ | twh 2 3:5: 
“Fig. 1-5-4 ps 
25 | Low level pulse width’ | twl 2 3.5 
26 | Rise time twr 2 20 
Fig. 1-5-4 ns 
27| Fall time twf 2 20 








*' Set the clock duty ratio to 45 to 55%. 
*2 Applicable only for 48-pin QFH package 
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Figure 1-5-3 OSC1 Timing Chart 

















twh2 to twl2 








Figure 1-5-4 XI Timing Chart 
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1-5-3 DC Characteristics 


Ta=40 to +85°C V,=2.0105.5V V.=0V 
























































es Rating Unit 
Parameter Symbol Conditions 
MIN TYP |MAX 
Supply current (no load at output)! 
fosc=20.0MHz,V__=5V 
1 |Supply current Fai PD 25 60 
—s mA 
2 during operation ee fosc=8.39MHz,V,)=5V 10 25 
a *2 a, = 
3 _ fx =32.768kHz,V,.=3V 100 
4 “2 | fx =32.768kHz,V._ =3V 8 
Supply current during HALT mode oe Ta=25°C Pe 
5 Type | Ta==-40 to 85°C 18 [pA 
6 V__=5V, Ta=25°C 0 2 
|_— Supply current during STOP mode per = 
7 _ VieptY> Ta=-40 to 85°C 0 20 
Notes: *' Measured under conditions of Ta=25°C and no load. 


(1), is measured under the 


The supply current during operation, I,,, (1,,, 


following conditions: After all I/O pins are set to input mode and the oscillation 
is set to <NORMAL mode>, the MMOD pin is fixed at Vig 


fixed at V,,, and a 20MHz (8.39MHz) square wave of amplitude V 
to the OSC1 pin. 


The supply current during operation, I 


the input pins are 


pp’ ss 18 input 


ops? 2S measured under the following 


conditions: After all I/O pins are set to input mode and the oscillation is set to 


<SLOW mode>, the MMOD pin is fixed at V.,, the input pins are fixed at V_, 


ss’ 


and a 32.768kHz square wave of amplitude V,,,V, is input to the XI pin. 


DD’ 


+ TypsUpp«)> 18 measured under the 


The supply current during HALT mode 


following conditions: After all I/O pins are set to input mode and the oscillation 
is set to <HALT mode>, the MMOD pin is fixed at V 


at V 


ss the input pins are fixed 


and an 32.768kHz square wave of amplitude V,,,V.. is input to the XI 


DD’ DD’ 


pin. 


The supply current during STOP mode I ) is measured under the following 


(Beer 
conditions: After the oscillation mode is set to <STOP mode>, the MMOD pin is 


fixed at V_ the input pins are fixed at V_, and the OSC1 and XI pins are 


ss? DD’ 


unconnected. 


° TheitemsI (I) andI. (I) are applicable only for 48-pin QFH package. 


DDS * DD6 DD7* DD8 
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Electrical Characteristics 


Ta=-40 to #85°C V,=2.0105.5V V,=0V 

























































































Rating 
Parameter Symbol Conditions Unit 
MIN TYP | MAX 
Input pin 1 MMOD 
8 | Input high voltage 1 Via 0.8V.,, Vip | ¥ 
9 | Input high voltage 2 Ve Vip7 45 to 5.5V 0.7V 55 Mead 
10] Input low voltage 1 Vi 0 0.2V.,) V 
11] Input low voltage 2 Mais Vop74-5 to 5.5V 0 0.3V,,| V 
12) Input leakage current Ie VIN = 0 to VV, +10 | pA 
Input pin 2 P20, P22~P23 (Schmitt trigger input) 
13] Input high voltage an 0.8V.,, Vigo (| oY 
14] Input low voltage Vas 0 0.2V 5 
15) Input leakage current Ls VIN-0 to V,, +10 | wA 
16| Input high current ip. Leet -30 | -100 | -300 | pA 
Input pin 3—1 P21 (Schmitt trigger input) 
17| Input high voltage Vind 0.8V_,, Visor |) Ne 
18| Input low voltage Vi 0 0.2V,5 
19| Input leakage current Tei VIN-0 to V,, +10 | wA 
20| Input high current es fae as ok -30 | -100 | -300 | pA 
Input pin 3—2 P21 (when used as SENS) 
21) Input high voltage 1 Vise Vip7)-OV 45 V5.5 " 
22 | Input low voltage 1 Visa eee Ves 3.5 
23 | Input high voltage 2 Misa: 1.5 V5 . 
24 | Input low voltage 2 Vina, Vos 0.5 
25 | Input leakage current Thee VIN=-OV to V_,, +10 
HA 
26 | Input clamp current lero er un _ +400 
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SENS pin 
27 Rise time trs 30 
EE (| Fig. 1-5-5 Ls 
28 Fall time tfs 30 
| & trs | i< tis >! 
care sae Hoan amen Naas fy asteee toe a een gr Vpp 
Input voltage level L— oo ---------r-r-rtevrcr renner thon errr renner ' secyeasgees cgi dees tee cdseste VDHH 





(Input) 






Input voltage level 2 


(Output) |] 





Figure 1-5-5 Operation of AC Zero-Cross Detection Circuit 


Ta=-40 to +85°C. V,,=2.0t05.5V V,=0V 





















































7 Rating ; 
Parameter Symbol Conditions Unit 
MIN TYP | MAX 
Input pin 4 PAO~PA7 
29 | Input high voltage 1 Vis 0.8V_,, Voge |v 
30} Input high voltage 2 Vine Vip74-5 to 5.5V 0.7V 55 Vie eo 
31| Input low voltage 1 Vis 0 0.2V.4) V 
32| Input low voltage 2 Ving Viop7+5 to 5.5V 0 0.3V.,) V 
33 | Input leakage current |e VIN-=0 to V,,, +2 HA 
: Vpp=5V, Vin=1.5V 
34| Input high current Tus Pull-up resistor ON -30 -100 -300 | pA 
35) Input low current Ls DDE aN Np 80 180 400 | pA 
Pull-down resistor ON 
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Ta=40 to +85°C V,=2.0 10 5.5V V.=0V 














































































































. Rating , 
Parameter Symbol Conditions Unit 
MIN TYP | MAX 
VO pin5 P27 (RST) 
36) Input high voltage Ve 0.9V 55 Vip 
37) Input low voltage Vas 0 0.2V.5 
38) Input leakage current Tg VIN = 0 to V,, +10 | pA 
i 7 Voo=5V, Vin=1.5V 
39 Input high current Tih Pull-up resistor built in -30 -100 -300 | pA 
I/O pin6 POO to P06, P10 to P14 (Schmitt trigger input) 
40 |Input high voltage Vag 0.8V_,, Vis 
41 [Input low voltage Neg 0 0.2V.5 
42 |Input leakage current i VIN=0 to V,,, +10 | pA 
4 Vpp=5V, Vin=1.5V 
43 |Input high current lus Pull-up resistor ON -30 -100 -300 | pA 
44 |Output high voltage Vigne Vop = VY) Igy = -0.5mA 4.5 
45 |Output low voltage Vi5es Vip = DY, 19, = 1.0mA 0.5, 
I/O pin 7 , P60 to P67 
46 | Input high voltage 1 Vay 0.8V_,, Vig |e 
47 | Input high voltage 2 Vea Vop745 to 5.5V 0.7V 55 Voip | Y¥ 
48 | Input low voltage 1 View 0 0.2V,,| V 
49 | Input low voltage 2 Views Vip74-5 to 5.5V 0 0.3V,,| V 
50) Input leakage current Ls VIN=0 to V,,, +10 | pA 
7 Vop=5V, Vin=1.5V te = = 
51| Input high current 1 i Baie eanCON 30 100 300 | uA 
52) Output high voltage Voce Vop = OV; IQ, = -0.5mA 4.5 
53 | Output low voltage V oe Vop = OV, Ip, = 1-0mA 0.5 
/O pin 8 P70 to P71 
54 | Input high voltage 1 Vii 0.8V,,, Vo | ¥ 
55 | Input high voltage 2 Ves Vip74-5 to 5.5V 0.7V 55 Vig | 
56 | Input low voltage 1 Vist 0 0.2V,,| V 
57 | Input low voltage 2 Vii Vop745 to 5.5V 0 0.3V.,| V 
58 | Input leakage current core VIN = 0to V_.,, +10 | pA 
: Vop=5V, Vin=1.5V = a * 
59 | Input high current Tan Paik ap resistor ON 30 100 300 | uA 
60 | Input low current I Vpp=5V, VIn=3.5V 30 100 300 | pA 
qEty Pull-down resistor ON 
61 | Output high voltage Veit Vip = DV, Igy = -0.5mA 4.5 
62 | Output low voltage Vand Vop = OV, Ip, = 1-0mA 0.5 
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Ta=40 to +85°C_ V,,=2.0 t05.5V V,=0V 






































Rating 
Parameter Symbol Conditions Unit 
MIN TYP | MAX 
/O pind P80~P87 

63 [Input high voltage 1 Vea x 0.8V., Vion Vv 
64 [Input high voltage 2 Viti Vip7 45 to 5.5V 0.7V 55 Vip Vv 
65 [Input low voltage 1 Visi, 0 0.2V.,) V 
66 |Input low voltage 2 Via Vip7 4 to 5.5V 0 0.3V.,,) V 
67 [Input leakage current rare VIN=0 to V,,, +10 | pA 
68 Input high current ian hemes mat -30 | -100 | -300 | pA 
69 |Output high voltage Via Vop = 2) Igy = -0.5mA 4.5 Vv 
70 |Output low voltage Visas Vip =2V¥ Ip, = ISsmA 1.0 Vv 
































1-5-4 A/D Converter Characteristics 


Ta=-40 to+85°C._ V,,=2.0 to 5.5V. V,=0V 

































































* Rating 
Parameter Symbol Conditions Unit 
MIN TYP | MAX 
1 | Resolution 10 ‘| Bits 
2 | Nonlinear error 1 Vop = 5.0V, V55 = ov +3 ~|LSB 
Veer OV; Vigp =OV 
3 | Differential linear error 1 Tap = 800ns +3 ~|LSB 
4 | Nonlinear error 2 Vop = 5.0V, V55 = ov +5 |LSB 
Vier —> OV, Vigge =OV 
5 | Differential linear error 2 fx = 32.768kHz +5 |LSB 
6 | Zero traction voltage Vp = 5.0V, Ve, = OV 30 100 |mV 
Vege DOV; Vigup OV 
7 | Full-scale transition voltage Tap = 800ns 30 100 |mV 
8 Tap = 800ns 9.6 us 
A/D conversion time ; 
9 fx = 32.768kHz 183 us 
| 10, fosc = 8MHz 1.0 36 ls 
Sampling time 
11 fx = 32.768kHz 30.5 us 
12 | Analog input leakage current When V,,,,, = 0 to SV is off +2 HA 
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Option 


1-6 Option 


1-6-1 ROM Option 


The product equipped with this LSI or an EPROM with this LSI controls the oscillation 
mode after resetting as well as the runaway-detection watchdog timer, using bits 2 to 
0 of the last address of the built-in ROM. 








B Option bits 
6 5 4 3 2 1 0 
PKG | PKG 
SEL2 | seit WOSEL2|WDSELI|NSSTRT| 



































NSSTRT Selection of oscillation mode 


after resetting 





0 


SLOW mode 





1 


NORMAL mode 











WDSEL2 |WDSEL1| Watchdog timer cycle setting 





0 fs/2"° 





1 fs/2'8 














Xx 9/27 








PKGSEL2 


PKGSEL1 Packages 








xX SDIP042-P-0600 








0 QFP044-P-1010 











1 QFH048-P-0707 





Figure 1-6 ROM Option ( Address:X'7FFF' ) 
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1-6-2 Option Form 


Date: 
SE No. 








Model 


Name MN101C Customer Approval 





























1. Oscillation mode 





Type A Type B 

















Note: Type A: Operation begins from the reset cycle in the NORMAL mode. 
Type B: Operation begins from the reset cycle in the SLOW mode. 









































2. Watchdog timer period setting 3. Package selection 
Detection Period} Selection Package Selection 
fs/2'* SDIP042-P-0600 0 
fs/2'8 QFP044-P-10100 u 
fs/2°° QFH048-P-0707 
Not used 














Contents of mask option are subject to change. 
| When placing an order for masks, please request the most recent option 
7 list from the sales office. 





Option of this product is used a part of the built-in ROM. 
When placing an order for programme, please sed data on the address 


of the option. 
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1-7 Outline Drawings 


Package code: SDIP042-P-0600 


Unit: mm 





SEATING PLANE 










Symbol 
% y Min | Nom J Max | 
pA | 4, 43 4G 
p Aa fm tt 
[| Az fj 3a fT 33 8s 
SX; es Xe 
R= No YS = = 
a ee ee ee 
pc | 025 | O25 | O45 
| OU | 36.7) | 37,0 dT 37.3 
| € | i286 {[ 130 | 13,27] 
a a ee (Ye 
| fp of  o- f 1524 J = 
SE RR TE: A» UE < cE 
es 
ences DRE eee) re eeerre a) aera 
een Se eee Hote 
RES eee er ee De 





Body Material: Epoxy Resin Lead Material:Fe Ni Lead Finish Method:Soldering dip 


Figure 1-7-1 42-SDIP 





using this product, please obtain product specifications from the sales 


The external dimensions of the package are subject to change. Before 
C Office. 
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Package code: QFP044-P-1010 


12.30 £0.40 







10.00 +0.20 


10.00 +0.20 


2.00 +0.20 
2.10 £0.30 


Setanta 
Uatatatatatataiatatai 


4.45 10.20 





0.60 +0.20 


SEATING PLANE 


Unit: mm 





L 








































Sie 


Body Material: Epoxy Resin Lead Material:Fe Ni Lead Finish Method:Soldering dip 


Figure 1-7-2 44-QFP 





The external dimensions of the package are subject to change. Before 
¢ using this product, please obtain product specifications from the sales 
1] 


office. 
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Package code: QFH048-P-0707 


Unit: mm 





SEATING PLANE 


Material: Epoxy Resin Lead Material:Fe Ni-42 Alloy 
Lead Finish Method:Soldering dip 


Figure 1-7-3 48-QFH 





using this product, please obtain product specifications from the sales 


The external dimensions of the package are subject to change. Before 
C office. 
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Overview/Address Space 


2-1 Overview 


Basic CPU functions are in conformance with the MN101C00 series manual 
(architecture manual). This chapter describes specifications unique to the 


MN1010117/115. 


2-2 Address Space 


2-2-1 Memory Configuration 















































A X'00000' A 
Abs 8 addressing 
256 bytes access area 
512 bytes Internal * 
y X'00100' RAM space 
Data 
Vv Vv 
X'00200' 
4 — X'03F00' 
256 bytes Special function registers 
v 
A 4 = X'04000' 4 
Interrupt 
128 al vector table 
A X'04080' : 
Subroutine 
64 bytes vector table % 
16 KB v Internal 
X'040C0' ROM space 
Instruction code/ 
table data 
v X'07FFF' v 
Figure 2-2-1 Memory Map 
* Differs depending upon the model. 
MNIOIC115 Internal RAM — X'00000' to X'000FF' 256 bytes 
Internal ROM ~—_X'04000' to X'05FFF' 8 KB 
MNIOICPI17 = InternalRAM = X'00000' to X'001FF' 512 bytes 
EP ROM X'04000' to X'01 FFF' 16 KB 
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2-2-2 Special Function Registers 


Memory control register(MEMCTR) is a 4-bit register which set up the base 


Table 2-2-1 Register Map 


0 1 2 3 4 5 6 7 8 9 A B G D E F 





















































O3FOX |CPUM|MEMCTR] WOCTR] DLYCTR CPU mode, memory control 
03F1X |POOUT|P1OUT|P20UT P6OUT|P7OUT| P8OUT Port output 
O3F2X |POIN|P1IN|P2IN P6IN|P7IN|P8IN PAIN Port input g 
O3F3X |PODIR|P1DIR P6DIR|P7DIR|P8DIR|P1OMD|PAIMD) 0 mode control Oo 
O3F4X |POPLU|P1PLU/P2PLU P6PLU/P7PLUD| P8PLU PAPLUD} FLOAT! Resistor control 
O3F5X |SCOMDO|SCOMD1)SCOMD2)SCOMD3|SCOCTRISCOTRBISCORXB Serial interface control 
O3FEX TM2BC] TM3BC} TM4BCL | TM4BCH! TMAICL | TM4ICH |TM5BC} 
O03F7X TM20C]TM30C] TM40CL)TM40CH TMS50C Timer control 
O3F8X TM2MDITM3MD|TM4MD) TM5MDj RMCTR| NFCTR 
O3F9X |ANCTRO)ANCTRt | ANBUFO! ANBUFt A/D control 
O3FAX 
O3FBX 
Reserved 

O03FCX 
03FDX 
O3FEX NMICR |IRQOICRIIRQ1ICR TM2ICR} TBICR |SCOICR} ADICRIIRQ2ICR TM3ICRITM4ICRI 

Interrupt control 
O3FFX |TMSICR 
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MEMCTR 


Bus Interface 


2-3 Bus Interface 


2-3-1 Overview 


The MN101C117, unlike other MN101C series microcomputers, does not 
support memory expansion mode and processor mode. 


2-3-2 Control Registers 


The memory control register is a four-bit register that sets up wait-count at a 
time of access to a base address of interrupt vector table and a special 


register zone. 


(1) Memory control register(MEMCTR) 





























































































































7 6 5 4 3 2 1 0 
IOW1 | lOW0 | IVBA — — | IRWE| — = (at reset: 11001011) 
— Must be set to 11. 
IRWE Set software write for interrupt request flag 
Software write disable 
0 Even if data is written to each interrupt control 
register (xxxICR), the state of the interrupt 
request flag (xxxIR) will not change. 
1 Software write enable 
Must be set to 1. 
Must be set to 0 
IVBA Base address setting for interrupt vector table 
0 Interrupt vector base = X'04000' 
1 Interrupt vector base = X'00100' 
IOW1 to 0 Number of wait cycles set when | Bus cycle at 
. accessing special register area |20MH2z oscillation 
00 No wait cycles 100ns 
01 1 wait cycle 150ns 
10 2 wait cycles 200ns 
ih 3 wait cycles 250ns 














Figure 2-3-1 Memory Control Register MEMCTR:X'03F01'R/W 
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2-4 Interrupts 


2-4-1 Accepting and Returning from Interrupts 


In the MN101CO00 series, when an interrupt is accepted, the hardware 
pushes the program's return address and the PSW, on to the stack, and 
branches to the beginning address of the interrupt program specified by the 
interrupt vector table. 


@ Operation when Interrupt is Accepted 

1. The stack pointer (SP) contents are update. (SP—6 — SP) 

2. The handy address register (HA) is pushed on to the stack. 
HA upper byte > (SP+5) 
HA lower byte > (SP+4) 

3. The program counter (PC = return address) contents are pushed on to the stack. 
PC (bit 18 to bit 17, bit 0) > (SP+3) 
PC (bit 16 to bit 9) — (SP+2) 
PC (bit 8 to bit 1) — (SP+1) 

4. The PSW is pushed on to the stack. 
PSW — (SP) 

5. xxxLVn of the accepted interrupt is copied to IM of the PSW. 
Interrupt level — IM 


6. Execution branches to vector table. 























7 0 
New SP————> PSW Low 
(after interrupt is accepted) ra ' 
PCI6 to 9 
PCO | PC18,17 Address 
HA7 to 0 | 
HA15 to 8 
Old SP ——»> ra 
(before interrupt is accepted) 





Figure 2-4-1 Stack Status during an Interrupt 





instructions in the program to save these values as necessary on the 


C Since the contents of data and address registers are not saved, use PUSH 
stack. 
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@ Operation when Returning from Interrupt 
After the program POPs the register and other values saved by the interrupt service 
routine, an RTI instruction is implemented to return to the program that was being 


executed when the interrupt was received. 


The processing sequence for the return from interrupt instruction, RTI, is listed 


below. 

1. The processor status word (PSW) is pulled from the stack. (SP) 

2. The program counter(PC = return address) is pulled from the stack. (SP+1 to 3) 
3. The handy address register (HA) is pulled from the stack. (SP+4, 5) 

4. The SP is pulled. (SP+6 — SP) 

5. Execution branches to the address indicated by the PC. 


32 _ Interrupts 


Chapter 2 Basic CPU Functions 


2-4-2 Interrupt Sources and Vector Addresses 


In addition to reset, there are 20 interrupt vectors that indicate the starting 
addresses of interrupt programs. These vectors are located in the 80-byte 
ROM address area X'04004' to X'04053'. 


Table 2-4-1 Interrupt Control Registers 


Control Register 













































































Vector Number Interrupt Source (address) Vector Address 

0 Reset —=——=> X'04000' 

1 Non-maskable interrupt (NMI) NMICR = (X'03FE1’) X'04004' 

2 External interrupt 0 (IRQO) IRQOICR (X'03FE2') X'04008' 

3 External interrupt 1 (IRQ1) IRQ1IICR (X'03FE3') X'0400C' 

4 Reserved (X'03FE4’) X'04010' 

5 Reserved (X'03FE5') X'04014' 

6 Timer 2 compare-match (TM2IRQ)| TM2ICR  (X'03FE6') X'04018' 

7 Time base period (TBIRQ) TBICR = (X'03FE7’) X'0401C' 

8 SCO transfer complete (SCOIRQ)| SCOICR (X'03FE8’) X'04020' 

9 Reserved (X'03FE9') x'04024' 

10 A/D conversion complete (ADIRQ)| ADICR = (X'03FEA’) X'04028' 

1 External interrupt 2 (IRQ2) IRQ2ICR (X'03FEB’) X'0402C' 

12 External interrupt 3 (IRQ3)* IRQ3ICR_ (X'03FEC') X'04030' eI TOR eam! Uaioe 

except for 48-pin QFH 

13 Reserved (X'03FED’) X'04034' package. 
14 Timer 3 compare-match (TM3IRQ)} TM3ICR (X'03FEE’) X'04038' 

15 Timer 4 compare-match (TM4IRQ)| TM4ICR (X'03FEF’) X'0403C' 

16 Timer 5 compare-match (TM5IRQ)| TM5ICR = (X'03FFO') X'04040' 

17 Reserved (X'03FF1') X'04044' 

18 Reserved (X'03FF2’) X'04048' 

19 Reserved (X'03FF3') X'0404C' 

20 Reserved (X'03FF4') X'04050' 





Set the vector addresses for reserved and unused interrupts to 
an address containing an RTI instruction. 
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| 
Be sure to use the MIE flag of 
the PSW register to write to all 
interrupt control registers. 





By setting xxxLVn to '11' (level 
3), the corresponding interrupt 
vector will be disabled, 
regardless of the state of the 
interrupt enable and interrupt 
request flags. 
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NMICR WDIR| — 


2-4-3 Interrupt Control Registers 


Interrupt control registers consist of the following: a non-maskable interrupt control 
register (NMICR), external interrupt control registers (IRQnICR), and internal 
interrupt control registers (TMnICR, TBICR, SCnICR, ATCICR, ADICR). 


@ Non-maskable Interrupt Control Register (NMICR) 


Non-maskable interrupt factors are stored in the non-maskable interrupt control 


register (NMICR), and are used when a non-maskable interrupt is generated. 


7 6 5 4 3 2 1 0 





(at reset: ------ 0-) 












































WDIR Watchdog interrupt request flag 





0 No interrupt request 
1 Happens interrupt request 

















Figure 2-4-2 Non-maskable Interrupt Control Register (NMICR: X'03FE1', R/W) 


@ External Interrupt Control Registers (IRQnICR) 
The external interrupt control registers (IRQnICR) control the interrupt level, valid 


edge, and request/enable. 






























































7 6 5 4 3 2 1 0 
IRQnICR — xxxLV1kxxLVO}REDGn}| — _ — | xxxlE | xxxIR (at reset: 000---00) 

xxxIR External interrupt request flag 
0 No interrupt request 
1 Happens interrupt request 

XXxlE External interrupt enable flag 
0 Disable interrupt 
1 Enable interrupt 














REDGn* External interrupt valid edge flag 





0 Falling edge 
1 Rising edge 














xxxLV 1 |xxxLVO0 |Interrupt level flag for external interrupt 














The CPU has interrupt levels from 0 to 3. 
This flag sets the interrupt level for interrupt requests. 











* n=0,1,2,3,4 


Figure 2-4-3 External Interrupt Control Register 
(IRQnICR: X'03FE2' to X'03FE3', X'03FEB' to X'03FED', R/W) 


Wi Internal Interrupt Control Registers (TMnICR, TBICR, SCOICR, ATCICR, ADICR) 
The internal interrupt control registers (TMnICR, TBICR, SCnICR, ATCICR, 


ADICR) control the interrupt levels of internal interrupts, timer interrupts, serial 


interrupts, A/D conversion complete interrupts, and interrupt request/enable. 


Be sure to disable all interrupts before writing to these registors. 


4 6 5 4 3 2 1 0 





TMnICR, TBICR, SCnICR, 


ATCICR, ADICR XXXLV1kxxLVO} — a - = XxXlE | xxxIR 
































(at reset: 00----00) 












































xxxIR Interrupt request flag 
0 No interrupt request 
1 Happens interrupt request 
XXxIE Interrupt enable flag 
0 Disable interrupt 
1 Enable interrupt 
XXXxLV1 |xxxLVO Interrupt level flag 














This 2-bit flag sets the interrupt level by 
assigning an interrupt level of 0 to 3 to 
interrupt requests. 








Figure 2-4-4 Internal Interrupt Control Registers (TMnICR, TBICR, 
SCOICR,ADICR: X'03FE6' to X'03FEA', X'03FEA' to X'03FFO0', R/W) 
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By setting xxxLVn to '11' (level 
3), the corresponding interrupt 
vector will be disabled, 
regardless of the state of the 
interrupt enable and interrupt 
request flags. 
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For the reset to be stable, the 
low pulse must be maintained 
for at least four clock cycles. 
However, it is important to 
minimize noise, since a reset 
may occur in a smaller number 
of clock cycles. 


3 6 Reset 


2-5 Reset 


The CPU contents are reset and registers are_initialized when the RST pin is 
pulled to low. 


Mf Initiating a Reset 
There are two methods to initiate a reset. 


(1) Drive the RST pin low for at least four clock cycles. 


RST pin. —————— 


—| +—— 4 clock cycles 
(200ns for a 20MHz oscillation) 





Figure 2-5-1 Minimum Reset Pulse Width 


(2) Set bit 7 (P20UT7 flags) of the P2OUT register to "0." After reset is released, 
the P2OUT flag will be "1." 


@ Releasing the Reset 

When the RST pin changes from low to high, an internal 15-bit counter begins 
counting at the oscillation clock frequency. The interval from when this counter 
begins counting until it overflows is known as the stabilization wait time. After 
waiting for this amount of time, the internal reset is released and the CPU begins 


operation. 








RST pin 


Peripheral 
register 








CPU 


i} 
I 
I 
internal reset 
i 
I 
I 
I 
I 
I 
I 
I. 
I 
il 
I 





fi 
i 
I 
'+—— Oscillation — 


stabilization wait time: 
2"5fosc 


Figure 2-5-2 Reset Release Sequence 


When returning from the STOP mode is terminating, the 
software can use the DLYCTR register to select an 


oscillation stabilization wait time of 0, 2’/fosc, 2"'/fosc, or 
2'°/fosc. 
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3-1 Overview 


A total of 39 pins on the MN101C117, including those shared with special 
function pins, are allocated for the 7 ports of PO to P2, P6 to P8, and PA. 
Each I/O port is assigned according to the special function register area in 
memory. I/O ports are operated in byte or bit units in the same way as RAM. 


For each I/O port, the PnOUT register (port n output 
register) that sets the output value is assigned to memory 
address X'3Fin’, and the PniN register (port n input 


register) from which the input value is monitored is 
assigned to memory address X'3F2n’. 





¢ This I/O control is valid even when special functions are selected for the dual function pins. 


*Table 3-1-1 Status When Port Is Reset (single-chip mode) 


























Port /O Mode Pull-up/Pull-down Resistor /O Port or Special Function 
Port 0 Input mode No pull-up resistor 1/0 port 
Port 1 Input mode No pull-up resistor 1/0 port 
Port 2 Input mode No pull-up resistor /O port 
Port 6 Input mode No pull-up resistor V/O port 
Port 7 Input mode No pull-up/pull-down resistors V/O port 
Port 8 Input mode No pull-up/pull-down resistors V/O port 
Port A Input mode No pull-up/pull-down resistors V/O port 




















@ Port 0 (PO) 
4-bit CMOS tri-state I/O port. 


Table 3-1-2 Port 0 Functions 








Pin Name) Type Dual Function Description 
POO to P02 | /O SBOO(TXD), Each bit can be set individually as either an input or 
P06 SBIO(RXD), output by the PODIR register. A pull-up resistor for each 
SBTO bit can be selected individually by the POPLU register. 
BUZZER At reset, the input mode is selected and pull-up resistors 
are disabled (high impedance output). 
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@ Port 1 (P1) 
5-bit CMOS tri-state I/O port. 


Table 3-1-3 Port 1 Functions 


Pin Name} Type Dual Function Description 

P10 to P14} I/O RMOUT, Each bit can be set individually as either an input or 
TM210 to TM410} output by the PIDIR register. A pull-up resistor for each 
bit can be selected individually by the PIPLU register. 





At reset, the input mode is selected and pull-up resistors 


are disabled (high impedance output). 




















@ Port 2 (P2) 
4-bit CMOS tri-state input port. 


Table 3-1-4 Port 2 Functions 





Pin Name] Type Dual Function Description 
P20 to P23 | Input IRQO, A pull-up resistor for each bit can be selected individually 
IRQI(SENS), __| by the P2PLU register. At reset, the input mode pull-up 





IRQ? to 3 resisters are disabled (high impedance output). 
Only 48-QFH has P23. 














@ Port 6 (P6) 
8-bit CMOS tri-state I/O port. 


Table 3-1-5 Port 6 Functions 





PinName| Type Dual Function Description 

P60 to P67 | I/O Each bit can be set individually as either an input or 
output by the P6DIR register. A pull-up resistor for each 
bit can be selected individually by the P6PLU register. At 





reset, the input mode pull-up resisters are disabled (high 


impedance output). 
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@ Port 7 (P7) 
8-bit CMOS tri-state I/O port. 


Pin Name 


Type 


Table 3-1-6 Port 7 Functions 


Dual Function 


Description 





P70 to P71 








1/0 





Each individual bit can be switched to an input or output 
by the P7DIR register. A pull-up or pull-down resistor for 
each bit can be selected individually by the P7PLU 
register. 

However, pull-up and pull-down resistors cannot be 
mixed. At reset, the input mode pull-up resisters are 
disabled 

. 42-SDIP has no pins of P70,P71. 44-QFP has no pin of 
p7l. 











@ Port 8 (P8) 
8-bit CMOS tri-state I/O port. 


Table 3-1-7 Port 8 Functions 





Pin Name 


Type 


Dual Function 


Description 





P80 to P87, 








1/0 





LEDO to 7 





Each individual bit can be switched to an input or output 
by the P8DIR register. A pull-up resistor for each bit can 
be selected individually by the P8PLU register. When 
configured as outputs, it is possible to LED. 

At reset, when single chip mode is selected, the input 
mode pull-up resisters for P80 to P87 are disabled (high 


impedance output). 








@ Port A (PA) 
8-bit CMOS tri-state input port. 


Table 3-1-8 Port A Functions 





Pin Name 


Type 


Dual Function 


Description 
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PAO to PA Input 





ANO to AN7 


A pull-up or pull-down resistor for each bit can be 
selected individually by the PAPLUD register. However, 
pull-up and pull-down resistors cannot be mixed. 


At reset, the input mode pull-up resisters for PAO to PA7 


are disabled. 








3-2 Port Control Registers 


3-2-1 Overview 


28 registers control the I/O ports. See table 3-2-1. 


Table 3-2-1 I/O Port Control Registers (1/2) 






























































Name Address R/W Function 

POOUT X'03F 10" R/W Port 0 output register 

P1OUT X'03F11' R/W Port 1 output register 

P2OUT X'03F12' R/W Port 2 output register 

P6OUT X'03F16' R/W Port 6 output register 

P7OUT X'03F17' R/W Port 7 output register 

P8OUT X'03F18' R/W Port 8 output register 

POIN X'03F20" R Port 0 input register 

P1IN X'03F21' R Port 1 input register 

P2IN X'03F22' R Port 2 input register 

P6IN X'03F26' R Port 6 input register 

P7IN X'03F27' R Port 7 input register 

P8IN X'03F28' R Port 8 input register 

PAIN X'03F2A' R Port A input register 

PODIR X'03F30" R/W Port 0 direction control register 
P1DIR X'03F31' R/W Port 1 direction control register 
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Port Control Registers 















































Table 3-2-1 I/O Port Control Registers (2/2) 

Name Address R/W Function 
P6DIR X'03F36' R/W Port 6 direction control register 
P7DIR X'03F37' R/W Port 7 direction control register 
P8DIR X'03F38' R/W Port 8 direction control register 
P1OMD X'03F39' R/W Port 1 output mode register 
PAIMD X'03F3A' R/IW Port A input mode register 
POPLU X'03F40' R/W Port 0 pull-up control register 
P1PLU X'03F41' R/W Port 1 pull-up control register 
P2PLU X'03F 42" R/W Port 2 pull-up control register 
P6PLU X'03F46' R/W Port 6 pull-up control register 
P7PLUD X'03F47' R/W Port 7 pull-up/pull-down control register 
P8PLU X'03F48' R/W Port 8 pull-up control register 
PAPLUD X'03F4A' R/W Port A pull-up/pull-down control register 
FLOAT1 X'03F4B' R/W Pin control register 1 














POOUT 


P1OUT 


P2OUT 


POIN 


P1IN 


P2IN 


PODIR 


P1DIR 


P1OMD 


POPLU 


P1iPLU 


P2PLU 


P6OUT 


P6IN 


P6DIR 


P6PLU 





Chapter 3 Port Functions 









































































































































7 6 5 4 3 2 1 0 
— _ |POOUT6 POOUT2 |POOUT1 |POOUTO| (at reset: 
—_ | — —___|P1OQUT4| P10UT3) P1OUT2 | P1OUT1 PiouTo| (at reset: 
Peoum | (at reset: 
— | POIN6 POIN2 | POIN1 | POINO | (at reset: 
| P1IN4 ) P1IN3 ) P1IN2 | P1IN14 Pino | (at reset: 
= | —— er — | P2IN2 | P2IN1 | P2INO | (at reset: 
— |pooire Pootre| poDi |pooio| (at reset: 
| P1DIR4)P1DIR3)P1DIR2/P1DIR1 Pioiro| (at reset: 
| P14TCO|P13TCO|P12TCO| —— ProToo| (at reset: 
— optus y= — | ~~ |POPLU2/POPLU1 PoPLun| (at reset: 
— | = — |P1PLU4/P1PLU3/P1PLU2|P1PLU1 PiPLun| (at reset: 
—_ —— |P2PLU2/P2PLU1|P2PLU0) (at reset: 
PsouTi|peouTe P6OUTS Psoure] peouTs peoura| psour P6OUTO| (at reset: 
P6IN7 | P6IN6 | P6IN5S | P6IN4 [Paina P6IN2 Pow: P6INO | (at reset: 
Pepin] P8dIR6 Papin] PeDin¢ peoina|Peoine Pé6DIR1 soi (at reset: 
PePLu7|PePLue| PePLus|PePLus|PsPLus|pePL2|PePLUt PsPLUO (at reset: 




















Figure 3-2-1 Port Control Registers (1/2) 
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P7OUT 


P80UT 


P7IN 


P8IN 


PAIN 


P7DIR 


P8DIR 


PAIMD 


P7PLUD 


P8PLU 


PAPLUD 
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7 6 5 4 3 2 1 0 
| | rrour P70UTO 
P8OUT7 peoure|PeouTs Peour[Peours peoure|pe0ur P8OUT0 











P7IN1 | P7INO 





P8IN7 


PaINe| P8IN5 


P8IN4 | P8IN3 


P8IN2 | P8IN1 


P8INO 








PAIN7 


PAINS | PAINS 


PAIN4 | PAIN3 


PAIN2 | PAIN1 


PAINO 











P7DIR1 | P7DIRO 





P8DIR7 


Peo P8DIR5 


P8DIR4 | P8DIR3 


P8DIR2 | P8DIR1 


P8DIRO 








PAAIN7 


Paain| PAAINS 


PAAIN4 | PAAIN3 


PAAIN2 | PAAIN1 


PAAINO 








Prewo 


P7PLUDO 








P8PLU7 


P8PLU6)/P8PLU5 


P8PLU4/P8PLU3 


P8PLU2/P8PLU1 


P8PLUO 





PAPLUD7 








pave PAPLUD5S 





pauoy PAPLUD3 





pap oe pau 





PAPLUDO 








(at reset: 


(at reset: 


(at reset: 


(at reset: 


(at reset: 


(at reset: 


(at reset: 


(at reset: 


(at reset: 


(at reset: 


(at reset: 
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3-2-2 I/O Port Control Registers 


This section describes the special function registers that control the 
MN101C117's I/O ports. 


@ Data Registers 
¢ PnOUT registers 
Data registers to output to the ports. 


Data written to these registers is output from the ports. 





0 Low (Vss level) is output. 





1 High (Vdd level) is output. 














¢ PnIN registers 
Data registers to input data from the ports. 
The value of data at the pins can be input by reading these registers. 


These are read-only registers. 





0 Pin is low. 














1 Pin is high. 





Input and output registers are mapped to separate addresses. 
To use these ports for I/O, configure them as I/O ports in the PROMD/PnIMD registers, 


described in this section. 


@ Direction Control Registers 
¢ PnDIR registers 





0 Input mode 














1 Output mode 





These registers set the port for use as an input or output. 


@ Pull-up/Pull-down Resistor Control Registers 
¢ PnPLU registers 


These register settings determine whether internal pull-up resistors are added to the ports. 





0 No pull-up / pull-down resistor 














1 Pull-up / Pull down resistor 





¢ PnPLUD registers 
These register settings determine whether internal pull-up or pull-down resistors are 
added to the ports. 





0 No pull-up / pull-down resistor 














1 Pull-up / Pull down resistor 
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@ Port Output/Input Mode Registers 

| * PnOMD/PnIMD registers 

- These register settings determine whether the port pins(P10 to P14, PAO to PA5) are used 
Setting the PAIMD register 
prevents unnecessary current 
from flowing in a pin when an 
intermediate voltage (analog must be set. 
voltage) is applied to the pin. 


as I/O ports or as special function pins (dual function). 
If the special (dual) functions used, the PnDIR, PnPLU, PnPLUD, and other registers 








0 I/O port 





1 Special function pin 














@ Pin Control Registers 

¢ FLOAT] registers 
This register specifies whether the resistors-attached to pins P7 and PA are pull-up 
resistors or pull-down resistors. 


In addition, this register selects either zero cross input or Schmitt trigger input for pin 

























































































P21. 
7 6 5 4 3 2 1 0 
FLOAT1 P2tIM | PARDWN | P7RDWN (at reset: -----000) 
P7RDWN P7 pull-up/pull-down 
resistor selection 
0 pull-up resistor 
1 pull-down resistor 
PARDWN PA pull-up/pull-down 
resistor selection 
0 pull-up resistor 
1 pull-down resistor 
P21IM P21 input mode selection 
0 Schmitt trigger input 
1 SENS input 














Figure 3-2-2 Pin Control Register 1(FLOAT1: X'03F4B',R/W) 
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3-3 I/O Port Configuration and Functions 


@ P00,P02,P10 to P14 

















ne nese 2 
. R 
Pull-up resistor control ° DQ * [> | >) 
Write —jL \F Read 











Rese 


R 
/O direction control * DQ * ° Yo > 


Write — 


























es) 
oO 
2 
a 

















Data bus 





nce 


R + 
Port output data * DQ * 
Write —JL \F Read 


Schmidt trigger input 


Port input data re ° | 


“\ I Read 

































































Special function input data 





Special function output control 





Special function output data 







































































POO P02 P10 P11 P12 P13 P14 

Pull-up Control bit} POPLUO | POPLU2 | PIPLUO | PIPLUI | PIPLU2 | pipLU3 | PIPLU4 
resistor Register POPLU PIPLU 
control (address) (X'03F40') (X'03F41') 
VO Control bit} PODIRO | PODIR2 | PIDIRO | PIDIRI PIDIR2 | PIDIR3 | PIDIR4 
direction Register PODIR PIDIR 
control (address) (X'03F30') (X'03F31') 
Port Control bit} POOUTO| POOUT2 | PIOUTO} PlOUT! | PIOUT2 | PIOUT3 | PIOUT4 
tout Register POOUT PIOUT 
outpu (address) (X'03F10') (X'03F11') 
Port Control bit | _ POINO POIN2 | PIINO PIINI PLIN2 PLIN3 PLIN4 
input Register POIN PIIN 

(address) (X'03F20') (X'03F21') 
Output Control bit | SCOSBOM SCOSBTM 
format Register SCOMD3 
control (address) (X'03F53') 

Special function input Special function | —— SBTO — ——= TM2I TM3I TM4I 
Special ppeciel | spoocrxp) | spto |RMour | —— | TM20 | TM30 | TMdO 
function ; 
output Control bit | scosBos | SCOSBTS | PIOTCO | ——— | PI2TCO | PI3TCO | PI4TCO 
control (1) Register SCOMD3 PIOMD 

(address) (X'03F53') (X'03F39") 
Special Special | ssoorxp | —— | RMOUT 
function function 
output Control bit | scocmp | —— RMOEN 
CORMOR (2) Register | SCOCTR RMCTR 
(address) | (x'03F54') (X'3F89) 



































* Both The TMORM flag of the RMCTR register and the PIOTCO flag of the PIOMD register 
are used to switch between remote control output and timer output. 
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mPO1 
pe Reset S 
| 
R 
Pull-up resistor control *- DQ + le | >) 
Write —5L \F Read 
Rese 
R 
1/0 direction control , Da * ; Yo | = 
Write —5L \F Read 
z 
a 
£ Rese’ ’ 
@ | 
9 R } | mes 
Port output data ° DQ ° | 
Write —4L \ E Read aa 
Schmitt trigger input 
Port input data | | 
rac! Read 








Special function input data 









































P01 
Pull-up Control bit POPLU1 
resistor Register POPLU 
control (address) (X'03F40') 
Control bit PODIR1 
I/O direction : 
control Register PODIR 
(address) (X'03F30') 
Control bit POOUTI 
Port output Register POOUT 
(address) (X'03F10') 
Control bit POINI 
Port input Register POIN 
(address) (X'03F20') 
Special function input | Special function SBIO0/RXD 














Figure 3-3-2 Configuration and Functions of P01 
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m@ PAO to PA7 
[\ ae g 
R 
‘ DQ * 
Pull-up/pull-down resistor control [> E>! 
Write —4L Read 
Rese 
| 
R 
Pull-up/pull-down resistor selection | DQ > ? 
r Write —4L Read y 
a g 
a 
iwi 
Hees 8 
Port input data | ’ af 
Rese 
R 
Input mode control DQ T 
LL | Write —JL = Read 











Analog input 

















|) >] & 





AWN, 




































































PAO PA1 PA2 PA3 PA4 PA5 PA6 PA7 

Pull-up | Control bit | PAPLUDO| PAPLUD1| PAPLUD2} PAPLUD3| PAPLUD4| PAPLUDS| PAPLUD6 | PAPLUD7 
resistor Register PAPLUD 
control | (address) (X'03F4A') 
Hee Control bit PARDWN 
Fascion Register FLOATI 
control (address) (X'03F4B') 

iaeurnieds Control bit | PAAINO| PAAINI | PAAIN2 | PAAIN3 | PAAIN4 | PAAINS | PAAIN6 | PAAIN7 
Feonifal Register PAIMD 
(address) (X'03F3A') 

Control bit | PAINO | PAINI | PAIN2 | PAIN3 | PAIN4 | PAINS | PAIN6 | PAIN7 

Port input | Register PAIN 

(address) (X'03F2A') 

Special tnction | Special function] ANO | ANI | AN2 | AN3 | AN4 | ANS | AN6 | AN7 


























Figure 3-3-3 Configuration and Functions of PAO to PA7 
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Pin Configuration for P20, P22 to P23 







































































[<2 Rese! 
Pull-up resistor control Da [> | 
Write JL va Read 
g 
Schmitt trigger input 
Port input data | | 
N | 
Read 
“NO 
Special function input data 
P20 | P22 | P23 
Pull-up Control bit P2PLUO| P2PLU2 | P2PLU3 
* P23 is only for resistor | Register P2PLU 
: y control (address) (X'03F42') 
ae planeGnage: Control bit | P2INO | P2iN2 | P2IN3 
Port input | Register P2IN 
(address) (X'03F22') 
Speen Interrupt input} IRQO | IRQ2 IRQ3 

















Figure 3-3-4 Configuration and Functions of P20, P22, P23 
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m P21 
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Pull-up resistor control 


Data bus 


Special function input data 








any Read 




















\F Read 














Port input data NY 























¢ 4 





AC zero-cross detection circuit + 
























































Special function input data 
Meco 
P21 
Pull-up Control bit P2PLU1 
resistor Register P2PLU 
control | (address) (x'03F42') 
Control bit P2IN1 
Port input | Register P2IN 
(address) (x'03F22') 
Special __ | Special function SENS 
_ Control bit P21IM 
pu i 
scion | Gags Boe 











Figure 3-3-5 Configuration and Functions of P21 





<] 


Schmitt trigger input 
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a2 





















































m@ P27 
he 
Schmitt trigger input 
Reset signal inpu «<< * 
5 
g Heset 
A S 
Port output data DQ D> le 
Write —5L 
7/7 
XS 
P27 
Special input RST 
; Special function Soft reset output 
Special Ibi 
function |_Control bit P20UT7 
output Register P2OUT 
(address) (x'03F12') 











Figure 3-3-6 Configuration and Functions of P27 
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m@ P70 to P71 
Pe) Aid g 
R 
Pull-up/pull-down resistor control ri DQ bi * | >»———_ — 
Write —jL \ FA Read 
Reset 
| 
R 
Pull-up/pull-down resistor selection + DQ T p> 4 
Write —JL Read 
Reset 
7) | 
8 : pS 
. s a a 
/O direction control = a DQ + * 
@ Write —4L Ye Read 
a o> o—_e—_+_ 
Reset 
: ‘LDH 
R 
Port output data DQ . 
Write —L Read oa 
[>e > a 
F/T 
Port input data | 
Read 


P71 








Control bit 


Register 
(address) 


Pull-up/ 
pull-down 
resistor control 


P7PLUDO 





Pull-up/ Control bit 





pulldown —_ Register 
resistor control (address) 


P7PLUD1 
P7PLUD 
(X'03F47’') 
P7RDWN 


FLOATI 
(X'03F4B’) 








Control bit 


Register 
(address) 


Control bit 


Register 
(address) 


I/O direction 
control 


Port input 


P7DIRO 





P7DIR1 


P7DIR 
(X'03F37') 





P7INO 





Control bit _ 
Register 
(address) 


Port output 


P70UTO 





P7IN1 
P7IN 
(X'03F27) 
P7OUT1 


P7OUT 
(X'03F17') 


Figure 3-3-7 Configuration and Functions of P70 
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P60 to P67,P80 to P87 














































































































































































































[\ Reset = 
R 
ere | 
ull-up resistor control ° DQ [>e | Fe! 
Write —GL \ A Read 
Reset 
| T 
/O direction control + Da * Je | > 
g Write —L _ | \/~— Read J 
@ 
8 Reset 
R 
Port output data * DQ ° a 
Write —L \ -- Read 7/7 
Schmidt trigger input 
Port input data i ___—_——~] 
“NS Read 
P60 P61 P62 P63 P64 P65 P66 P67 
Pull-up Control bit | P6PLUO| P6PLU1 | P6PLU2 | P6PLU3 | P6PLU4 | P6PLUS | P6PLU6 | P6PLU7 
resistor Register P6PLU 
control (address (x'03F46') 
VO Control bit P6DIRO | P6DIRI | P6DIR2 | P6DIR3 | P6DIR4 | P6DIRS | P6DIR6 | P6DIR7 
direction Register P6DIR 
control (address (x'03F36') 
Control bit | P6O0UTO| P6OOUT! | P6OUT2 | P6OUT3 | P6OUT4 | POOUTS | P6OUT6 | POOUT7 
Port output “Register P6OUT 
(address (x'03F16') 
Control bit P6INO | P6INI | P6IN2 | P6IN3 | P6IN4 | P6INS | P6IN6 | P6IN7 
Port input Register P6IN 
(address (x'03F26') 
Figure 3-3-8 Configuration and Functions of P60 to P67 
P80 P81 P82 P83 P84 P85 P86 P87 
Pull-up Control bit | P8PLU0| P8PLU1 | P8PLU2 | P8PLU3 | P8PLU4 | P8PLUS | P8PLU6 | P8PLU7 
resistor Register P8PLU 
control (address) (x'03F48') 
VO Control bit | P8DIRO| P8DIR1 | P8DIR2 | P8DIR3 | P8DIR4 | P8DIRS | P8DIR6 | P8DIR7 
direction Register P8DIR 
control (address) (x'03F38') 
Control bit | PSOUTO| P8OUT1 | PSOUT2 | P8OUT3 | PROUT4 | PROUTS| P8OUT6 | PBOUT7 
Port output Register P8OUT 
(address) (x'03F18') 
Control bit P8INO | P8IN1 | P8IN2 | P8IN3 | P8IN4 | P8INS | P8IN6 | P8IN7 
Port input Register P8IN 
(address) (x'03F28') 
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Figure 3-3-9 Configuration and Functions of P80 to P87 
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Chapter 4 Timer Functions 


4-1 Overview 


The MN101C117 contains three 8-bit timers, one 16-bit timer, a watchdog 
timer, a time base timer, and circuits for remote control output and buzzer 













































output. 
Table 4-1-1 Summary of Timer Functions 
Timer 2 Timer 3 Timer 4 Timer 5 F 
Time Base 
(8-bit) (8-bit) (16-bit) (8-bit) 
Interrupt TM2IRQ TM3IRQ TM4IRQ TM5IRQ TBIRQ 
Timer operation O O O O O 
Event counter oO O O x x 
Timer pulse output O O O x x 
Serial . : ‘ 
transmission clock a O 
PWM output O x O x x 
Cascade O ° . S 
connection 
Capture function x x oO x x 
0 fs fosc fosc fosc fosc 
Clock 1 fs/4 fs/4 fs/4 fs/4 fx 
source 






fs/16 fs/16 


TMa2IO input fosc,fx/2'* 








TM3IO input TM4IO input 








Remote Pulse Not 
ine: control added possible to 
carrier pulse type temporarily 
generation PWM halt BC 
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Figure 4-1-1 Timers 2, 3 Block Diagram 
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Figure 4-1-2 Timer 4 Block Diagram 
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Figure 4-1-3 Timer 5/Time Base Block Diagram 
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Figure 4-1-4 Watchdog Timer, Buzzer Block Diagram 
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Figure 4-1-5 Remote Control Transmission Block Diagram 
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8-bit Timer Operation (timers 2, 3) 


4-2-1 Overview 


Functions for timers 2 and 3 are listed below. 


4-2 8-bit Timer Operation (timers 2, 3) 


Table 4-2-1 Summary of 8-bit Timer Functions 





Timer 2 Timers 




















(8-bit)  (8-bit) 
Interrupt TM2IRQ TM3IRQ 
Timer operation O O 
Event counter O O 
Timer pulse output = © O 
Serial x O 
transmission clock (SIFO) 
PWM output O x 
Cascade 
connection 
Remote control 
carrier pulse x O 


generation 





4-2-2 Operation 


@ Timer Operation (timers 2, 3) 


Settings for timer operation are listed below. Timer 2 is used as an example. 


(1) 
(2) 
(3) 
(4) 
(5) 
(6) 


(7) 


Clock 


TM4EN 


Binary 


counter 4 





Set the TM2EN flag of the timer 2 mode register (TM2MD) to "0" to stop the count 
operation of timer 2. 

Set the TM2CK2 to 0 flags of the TM2MD register to select fs, fs/4, fx, or 
synchronized fx as the clock source. 

Set the TM2PWM flag of the TM2MD register to "0" so that normal timer operation 
is selected. 

Set a value in compare register 2 (TM20C). 

Set the TM2EN flag of the TM2MD register to "1" to start the timer. 

When timer 2 begins operation, binary counter 2 (TM2BC) will count upward from 
X'00'. 

When the value of binary counter 2 matches that of the TM2OC register, the timer 2 
interrupt request flag is set, and the binary counter 2 is reset to X'00' and begins to 


count upward again. 





















































Write to registers 
TM40CH, TM40CL 








Figure 4-2-1 Binary Counter 2 (TM2BC) Count Timing 
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When servicing an interrupt, reset 
the timer 2 interrupt request flag 
before starting timer 2. 


During a count operation, be 
careful if the value set in TM20C 
is smaller than the value of binary 
counter 2, since the count-up 
operation will continue until 
overflow occurs. 


If fx is to be selected as the clock 
source and the value of binary 
counter 2 is to be read during 
operation, select synchronized fx 
in order to avoid reading data that 
may be incomplete during count- 
up transitions. However, with 
synchronized fx, it is not possible 
to return from STOP/HALT modes. 





If the TM2EN flag of TM2MD register is changed simultaneously with 
other bits, the switching operation may cause binary counter 2 to be 
incremented. 


If the value of TM2OC register is overwritten while timer 2 has 
stopped counting, binary counter 2 will be reset to X'00' at the edge 


of next count clock. 


The value of TM3CKO~2 of T3MD register is unsettled. If timer2/ 
timer 3 is independently used, any mode except cascade 
connection should be set. 





8-bit Timer Operation (timers 2, 3) 


63 
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If TM2IO input is selected as the 
clock source and the value of 
binary counter 2 is to be read 
during operation, select 
synchronized TM2IO input to avoid 
reading data that may be 
incomplete during count-up 
transitions. However, with 
synchronized TM2IO input, it is not 
possible to return from 
STOP/HALT modes. 
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@ Event Count Function (timers 2, 3) 


Settings for the event count function are listed below. Timer 2 is used as an example. 


(1) 
(2) 
(3) 
(4) 
(5) 


(6) 
(7) 


Set the TM2EN flag of the timer 2 mode register (TM2MD) to "0" to stop the count 
operation of timer 2. 

Use the TM2CK2 to 0 flags of the TM2MD register to select TM2IO input or 
synchronous TM2IO input as the clock source. 

Set the TM2PWM flag of the TM2MD register to "0" so that normal timer operation is 
selected. 

Set a value in compare register 2 (TM20C). 

Set the TM2EN flag of the TM2MD register to "1" to start the timer. 

When timer 2 begins operation, binary counter 2 will count upward from X'00'. 

When the value of binary counter 2 matches that of the TM2OC register, the timer 2 
interrupt request flag is set, and the binary counter 2 is reset to X'00' and begins to count 


upward again. 


When synchronized TM2I0O is selected, the timer 2 clock source is synchronized with the system 


clock after a transition of the TM2IO input signal. Binary counter 2 counts upward based on a 


signal synchronized to the system clock. Therefore, correct values can be read from binary counter 


2. 


CPU system clock 
(fs) 


TM4lO input 


Synchronous 


circuit output 


Binary counter 
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Figure 4-2-2 Timer 2 Event Counter Timing 
(when synchronous TM2IO input is selected) 


M@ Timer Pulse Output Function (timers 2, 3) 


Settings for the timer pulse output function are listed below. Timer 2 is used as an 


example. 

(1) Set the TM2EN flag of the timer 2 mode register (TM2MD) to "0" to stop the count 
operation of timer 2. 

(2) Set bit 2 of the port 1 output/input mode register (PIOMD) to "1" to set the special 
function pin. Bit 2 of port 1 will be specified as the pulse output pin. 

(3) Set the TM2CK2 to 0 flags of the TM2MD register to select fs, fs/4, fx, or 
synchronized fx as the clock source. 

(4) Set the TM2PWM flag of the TM2MD register to "0" so that normal timer operation 
is selected. 

(5) Set a value in compare register 2 (TM20C). 

(6) Set the TM2EN flag of the TM2MD register to "1" to start the timer. 

(7) When timer 2 begins operation, binary counter 2 will count upward from X'00. 

(8) When the value of binary counter 2 matches that of the TM2OC register, the timer 2 


Binary counter 


TM20UT 


interrupt request flag is set, and the binary counter 2 is reset to X'00' and begins to 


count upward again. 


Matches compare register 
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Chapter 4 Timer Functions 


The period of a signal output to the 
port is 1/2 of the period set in the 
TM20OC register. 


If port 1 is to be used as a pulse 
output pin, it is necessary to set 
the port 1 output direction control 
register (P1DIR) and the port 1 
pull-up/pull-down resistor control 
register (P1PLU). 



































Figure 4-2-3 Timer Pulse Output Timing 
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Chapter 4 Timer Functions 


If the TM3PWM flag of the TM3MD 
register is set to "1" and timer 2 
PWM output is selected, the PWM 
output of timer 2 will also be output 
from the TM3IO pin. 


If port 1 is to be used as a PWM 
output pin, the P1DIR and P1PLU 
registers must be set. 
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@ PWM Output Function (Timer 2) 


Settings for the PWM output function are listed below. 












































































































































(1) Set the TM2EN flag of the timer 2 mode register (TM2MD) to "0" to stop the count 
operation of timer 2. 

(2) Set bit 2 of the port 1 output/input mode register (PLOMD) to the special function 
pin setting. Bit 2 of port | will be specified as the PWM output pin. 

(3) Set the TM2CK2 to 0 flags of the TM2MD register to select fs, fs/4, fx, or 
synchronous fx as the clock source. The period of the output waveform is determined 
based on the clock source. 

(4) Set the TM2PWM flag of the TM2MD register to "1" so that PWM operation is 
selected. 

(5) Set a value in compare register 2 (TM20C). The high interval of the output 
waveform is determined based on the value of the TM20C compare register. 

(6) Set the TM2EN flag of the TM2MD register to "1" to start the timer. 

(7) When timer 2 begins operation, binary counter 2 will count upward from X'00'. 

(8) A high-level signal is output from the port beginning when binary counter 2 starts 
counting at X'00' and ending when the value of binary counter 2 matches the value 
set in the TM20C register. 

(9) When the value of binary counter 2 matches that of the TM20C register, a low-level 
signal is output from the port. 

(10) Binary counter 2 continues to count upward until X'FF' is reached. At the next count- 
up cycle, the value of binary counter 2 is reset to X'00', a high-level signal is output 
from the port, and counting begins again. 

lc 

Matches TM20C | 

register 
Binary 
counter 2 = 
PWM output | ; 

~=a > 

Time specified by TM2OC register 

~=a > 








Time until binary counter 2 reaches X'FF' 


Figure 4-2-4 PWM Output Timing 
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Figure 4-2-5 PWM Output Timing (when TM2OC register is X'00') 
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Figure 4-2-6 PWM Output Timing (when TM2OC register is X'FF') 
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The clock source for the serial 
interface has a frequency that is 
1/2 of the overflow output of timer 
3. 


For serial interface settings, refer 
to the chapter on serial functions. 


Disable the timer 2 interrupt. 


B Serial Transfer Clock Function(timer 3) 


Settings for the serial transfer clock function are listed below. 


(1) 
(2) 
(3) 
(4) 
(5) 
(6) 


(7) 
(8) 


Set the TM3EN flag of the timer 3 mode register (TM3MD) to "0" to stop the count 
operation of timer 3. 

Set the SCOCK1 and SCOCKO flags of the serial interface 0 mode register | 
(SCOMD1) to select 1/2 of the timer 3 overflow frequency as the clock source. 

Set the TM3CK2 to 0 flags of the TM3MD register to select fosc, fs, fs/4, or fs/16 as 
the clock source. 

Set the TM3PWM flag of the TM3MD register to "0" to select timer 3 output. 

Set a value in compare register 3 (TM30C). 

Set the TM3EN flag of the TM3MD register to "1" to start the timer. 


When timer 3 begins operation, binary counter 3 counts upward from X'00'. 
When the value of binary counter 3 matches that of the TM30C register, the timer 3 
interrupt request flag is set, the value of binary counter 3 is reset to X'00', and 


counting begins again. 


i Cascade Connection Function (timer 2 + timer 3) 


Settings for the cascade connection function are listed below. Timer 2 and timer 3 


are connected to operate as a 16-bit timer. 


(1) 
(2) 
(3) 
(4) 
(5) 
(6) 
(7) 
(8) 
(9) 


(10) 


Set the TM2EN flag of the timer 2 mode register (TM2MD) to "0" to stop the count 
operation of timer 2. 

Set the TM3EN flag of the timer 3 mode register (TM3MD) to "0" to stop the count 
operation of timer 3. 

Set the TM2CK2 to 0 flags of the TM2MD register to select fs, fs/4, fx, or 
synchronized fx as the clock source. 

Use the TM3CK2 to 0 flags of the TM3MD register to set the clock source as a 
cascade connection with timer 2. 

Set the TM2PWM flag of the TM2MD register to "0" to select normal timer 
operation. 

Set values in compare register 2 (TM20C) and compare register 3 (TM30C). 

Set the TM2EN flag of the TM2MD register to "1" to start the timer. 

Set the TM3EN flag of the TM3MD register to "1" to start the timer. 

When timers 2 and 3 begin operation, the binary counters begin counting upward 
from X'0000' as a 16-bit counter. 

When the value of the 16-bit binary counter matches that of the 16-bit register 
(TM30C+TM20C), the timer 3 interrupt request flag is set, the value of the 16-bit 


binary counter is reset to X'0000', and counting begins again. 


Use a 16-bit access instruction to set the (TM30C+TM2OC) register. 
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4-3 16-bit Timer Operation (timer 4) 


4-3-1 Overview 


Timer 4 is a 16-bit programmable counter that can be used as an event counter. 

A signal with a frequency of 1/2 of the timer 4 overflow signal can be output from the 
TMA4IO pin. An input capture function and pulse added type PWM output function can 
also be used. 


4-3-2 Operation 


M@ Timer Operation 


Settings for timer operation are listed below. 


(1) 


(2) 


(3) 
(4) 
(5) 
(6) 
(7) 


Set the TM4EN flag of the timer 4 mode register (TM4MD) to "0" to stop the count 
operation of timer 4. 

Set the TM4CK2 to 0 flags of the TM4MD register to select fosc, fs/4, or fs/16 as the 
clock source. 

Set the TM4PWM flag of the TM4MD register to "0" to select 16-bit timer operation. 
Set a value in compare register 4 (TM40CH, TM40CL). 

Set the TM4EN flag of the TM4MD register to "1" to start the timer. 

When timer 4 begins operation, binary counter 4 counts upward from X'0000'. 

When the value of binary counter 4 matches that of the TM4OCH and TM40CL 
registers, the timer 4 interrupt request flag is set, the value of binary counter 4 is reset 


to X'0000', and counting begins again. 


Chapter 4 Timer Functions 


When servicing an interrupt, reset 
the timer 4 interrupt request flag 
before operating timer 4. 


During a count operation, be 
careful if the value set in TM4OCH 
and TM40OCL is smaller than the 
value of binary counter 4, since 
the count-up operation will 
continue until overflow occurs. 
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Figure 4-3-1 Binary Counter 4 (TM4BC) Count Timing 








If the TM4EN flag of the TM4MD register is changed simultaneously 
with other bits, the switching operation may cause binary counter 4 
to be incremented. 


If the value of the TM4OCH, TM40CL register is overwritten while 
timer 4 has stopped counting, binary counter 4 will be reset to 
X'0000". 
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@ Event Count Function 
Settings for the event count function are listed below. 


(1) Set the TM4EN flag of the timer 4 mode register (TM4MD) to "0" to stop the count 
operation of timer 4. 

(2) Use the TM4CK2 to 0 flags of the TM4MD register to select TM4IO input or 
synchronized TM4IO input as the clock source. 

(3) Set the TM4PWM flag of the TM4MD register to "0" so that 16-bit timer operation 
is selected. 

(4) Set a value in compare register 4 (TM4OCH, TM40CL). 

(5) Set the TM4EN flag of the TM4MD register to "1" to start the timer. 

(6) When timer 4 begins operation, binary counter 4 will count upward from X'0000'. 

(7) When the value of binary counter 4 matches that of the TM4OCH and TM40CL 
registers, the timer 4 interrupt request flag is set, and the binary counter 4 is reset to 


X'0000' and begins to count upward again. 


When synchronized TMA4IO is selected, the timer 4 clock source is synchronized with the system 
clock after a transition of the TM4IO input signal. Timer 4 counts upward based on a signal 


synchronized to the system clock. Therefore, correct values can be read from binary counter 4. 


Figure 4-3-2 Timer 4 Event Counter Timing (when synchronous TM4IO 





CPU system clock | | | | | 
(fs) 
































TM4IO input | | 
Synchronous 
circuit output 





Binary counter x n - n+1 





input is selected) 
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If TM4IO input is selected as the 
clock source and the value of 
binary counter 4 is to be read 
during operation, select 
synchronized TM4IO input to avoid 
reading data that may be 
incomplete during count-up 
transitions. However, with 
synchronized TMA4IO input, it is not 
possible to return’ from 
STOP/HALT modes. 
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The period of the output signal 
from the port is 1/2 of the period 
set in the TM4OCH, TM4OCL 
register. 


@ Timer Pulse Output Function 


Settings for the timer pulse output function are listed below. 


(1) 
(2) 
(3) 
(4) 
(5) 
(6) 


(7) 
(8) 


Binary 


counter 4 


TM40UT 
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Set the TM4EN flag of the timer 4 mode register (TM4MD) to "0" so that the count 
operation of timer 4 is stopped. 

Set bit 4 of the port 1 output/input mode register (PLOMD) to the special 
function pin setting. Bit 4 of port 1 will be specified as the pulse output pin. 

Use the TM4CK2 to 0 flags of the TM4MD register to select fosc, fs/4, or fs/16 as the 
clock source. 

Set the TM4PWM flag of the TM4MD register to "0" so that 16-bit timer operation 
is selected. 

Set a value in compare register 4 (TM40CH, TM40CL). 

Set the TM4EN flag of the TM4MD register to "1" to start the timer. 

When timer 4 begins operation, binary counter 4 will count upward from X'0000'. 
When the value of binary counter 4 matches that of the TM40CH and TM40CL 
registers, the timer 4 interrupt request flag is set, and the binary counter 4 is reset to 


X'0000' and begins to count upward again. 


Matches TM4OCH, TM4OCL register 


| 


























































































































Figure 4-3-3 Timer Pulse Output Timing 
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Mi Pulse Added Type PWM Output Function If bit 4 of port 7 is to be used as a 
PWM output pin, set the P1DIR 
In the pulse added method, a 1-bit output is appended to the basic component of the 8-bit and P1PLU registers. 


PWM output. Precise control is possible based on the number of PWM repetitions (256 
times) to which this bit is appended. Settings for the pulse added type PWM output function 


are listed below. 


(1) Set the TM4EN flag of the timer 4 mode register (TM4MD) to "0" to stop the count 
operation of timer 4. 

(2) Set bit 4 of the port | output/input mode register (PLOMD) to the special function 
pin setting. Bit 4 of port | will be specified as the PWM output pin. 

(3) Use the TM4CK2 to 0 flags of the TM4MD register to select fosc, fs/4, or fs/16 as the 
clock source. The period of the output waveform is determined based on the clock source. 

(4) Set the TM4PWM flag of the TM4MD register to "1" so that PWM operation is 
selected. 

(5) Set a value in the lower 8 bits of compare register 4 (TM4OCL). The high interval of 


the output waveform is determined based on the value of the lower 8 bits of compare 


register 4 (TM4OCL). 
(6) Set the position of the added pulse in the upper 8 bits of compare register 4 

(TM40CH). PWM4 output is fixed at L with 
(7) Set the TM4EN flag of the TM4MD register to "1" to start the timer. is cag i a ce 

: : ; ; . ee bits(TM40CL) of compare register. 

(8) When timer 4 begins operation, binary counter 4 will count upward from X'00". lise. oF timer-d. at PWM mode 
(9) A high-level signal is output from the port beginning when binary counter 4 starts disables setting of X'FF' att 

counting from X'00' and ending when the value of binary counter 4 matches the TM4OCL register. 


value set in the TM4OCL register. 

(10) When the value of binary counter 4 matches that of the TM4OCL register, a low- 
level signal is output from the port. 

(11) _ Binary counter 4 continues to count upward until X'FF' is reached. At the next count- 
up cycle, the value of binary counter 4 is reset to X'00', and counting begins again. 


A high-level signal is output from the port. 


Use a 16-bit access instruction to set the TM40CH, TM40CL 


register. 





Basic PWM components 
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Repeated 256 times 
Figure 4-3-4 Pulse Added Type PWM Output 
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[* 5-2-3 "Serial Interface Hi Setting the Added Pulse Position 


Transfer Timing"] 


TM40CH 
Register setting 
value 


X '00' 
X '01' 
X '02" 
X '04' 
X '08' 


X '10' 


The upper 8 bits of compare register 4 (TM40CH) set the position of the added pulse. If the 
TM4OCH register is set to X'00', an additional bit is not appended to the basic PWM 
component. If the TM4OCH register is set to X'FF’, an additional bit is repeatedly appended 
to the 255 basic PWM components during the period. The relation between the value set in 
the TM4OCH register and the added pulse is shown in the table below. If X'03' is set in the 
TM4OCH register, bits are appended to pulse positions for X'01' and X'02', shown in table 
4-3-1. The relation between the value set in the TM4OCH register and the position of the 
added bit is shown in figure 4-3-5. 


Table 4-3-1 Pulse-Added PWM OuiputFigure 
Value Set in TM40CH Register Added Pulse Position (value of Tn) 


00000000 
00000001 X'80' 

00000010 X'40'.X'C0' 

00000100 X'20',X'60',X'A0'".X'E0' 

00001000 X'10',X'30',X'50',X'70',X'90', X'BO'",.X'DO0' X'F0' 





00010000 X'08',X'18',X'28',X'38',X'48'.X'58' X'E8'X'F8' 

00100000 X'04',X'0C'",X'14,X'10',X'24' X'2C' X'F4X'FC' 
01000000 X'02',X'06'".X'0A',X'0E'",.X'12',X'16' X'FA\X'FE' 
10000000 X'01',X'03',X'05'.X'07',X'09".X'0B' X'FD'X'FF' 


(MSB) (LSB) 























Repeated 256 times 

Ro X '40' X '80' X 'CO' X'FF' =< Position of 

added pulse 
l 
l ] 
] | | ] 
a | | || | | | | 
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PWM basic component 


Position of added pulse X'87' Position of added pulse X'88' 


Figure 4-3-5 Pulse Added Type PWM Output 
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@ Capture Function 
Settings for the capture function are listed below. 


(1) Set the TM4EN flag of the timer 4 mode register (TM4MD) to "0" to stop the count 
operation of timer 4. 

(2) Use the TM4CK2 to 0 flags of the TM4MD register to select fosc, fs/4, or fs/16 as the 
clock source. 

(3) Use the T4ICTS1 and T4ICTSO flags of the TM4MD register to select IRQ2, 
IRQI, or IRQO as the input capture trigger. 

(4) Set the REDGn flag of the external interrupt control register to specify the valid edge 
for the interrupt selected as the TM4 input capture trigger. 

(5) Set the TM4PWM flag of the TM4MD register to "1" to select 16-bit timer 
operation. 

(6) Set a value in compare register 4 (TM4O0CH, TM40CL). 

(7) Set the TM4EN flag of the TM4MD register to "1" to start the timer. 


(8) When timer 4 begins operation, binary counter 4 will count upward from X'0000' 


Setting a value in compare register 
4, clears binary counter 4. 


until it reaches the value set in compare register 4. 

(9) If the binary counter is to be used as a free-running counter that counts from 
X'0000' to X'"FFFF’, set the compare register 4 to X'FFFF'. 
When the value of binary counter 4 matches that of the TM40CH, TM40CL 
register, the timer 4 interrupt request flag is set, binary counter 4 is reset to X'0000'" 
and counting begins again. 

(10) If the external interrupt selected as the TM4 input capture trigger is received during 
timer 4 operation, the value of binary counter 4 will be written into the input capture 


If the event occurs before a read, 
register (TM4ICH, TM4ICL). that data will be overwritten. 
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4-4 8-bit Timer Operation (timer 5) 


4-4-1 Overview 


Timer 5 is an 8-bit timer that can have fosc, fs/4, fx, or time base output as 
its clock source. 


4-4-2 Operation 


@ Timer Operation 


Settings for timer operation are listed below. 
When servicing an interrupt, reset (1) Set the TMSCLRS flag of the timer 5 mode register (TMSMD) to "0." 


i ns i iat vegies tag (2) Use the TMS5CK3 to 1 flags of the TMSMD register to select fosc, fs/4, fx, 
efore starting timer 5. ; ; : ; ; ; 
synchronized fx, time base timer output, or time base timer synchronized output as 


When choosing either time base 
timer output or time base timer 
synchronized output for the timer 5 


the clock source. 
(3) Set a value in compare register 5 (TMSOC). At this time, if the TMSCLRS flag is 


clock source, the time base must "0," binary counter 5 will be initialized to X'00'. 

be set up. (4) Binary counter 5 (TM5OC) counts upward from X'00'. 

During a count operation, be (5) When the value of binary counter 5 matches that of the TMS5OC register, the timer 5 
careful if the value set in TM5OC interrupt request flag is set, the binary counter is reset to X'00', and counting begins 


is smaller than the value of binary 
counter 5, since the count-up 
operation will continue until 
overflow occurs. 


again. 


ae If the TM5CLRS flag of the TM5MD register is set to "0," binary 
If fx input is selected as the clock 5 will be initialized ti data in the TM50C igen 
sabres andthe Vale: of binary counter 5 will be initialized every time data in the register is 
counter 5 is to be read during overwritten. Timer 5 interrupts are disabled in this mode. If timer 5 
operation, select synchronized fx interrupts are to be used, the TM5CLRS flag must be reset to "1" 


HiDUT Sonevolo teeing: data tna! after writing to the TM5OC register. 
may be incomplete during count- 


up transitions. However, with 
synchronized fx input, it is not 
possible to return from 


STOP/HALT modes. 
[7] Timer 5 operation cannot be halted. 








716 8-bit Timer Operation (timers 2, 3) 


Chapter 4 Timer Functions 


4-5 Time Base Operation 


4-5-1 Overview 


The clock source for the time base timer can be set to fosc or fx. Also, the interrupt 
period for time base timer (TBIRQ) can be set to 1/2’, 1/2%, 1/2°, 1/2"°, or 1/2’? of the 
clock source. 


4-5-2 Operation 


M@ Time Base Function 
Settings for the time base function are listed below. 


(1) Use the TMS5CKO flag of the timer 5 mode register (TMSMD) to select fosc or fx as 
the clock source. 

(2) Use the TMS5IR2 to 0 flags of the TM5MD register to select the time base timer 
interrupt source. 


(3) When the selected time interval passes, the interrupt request flag of the time base 


interrupt control register (TBICR) is set. 


Time base operation cannot be halted. 





Table 4-5-1 Base Time Settings 
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The upper 2 bits of the watchdog 
timer are cleared when the WDEN 
flag is set to "0." Therefore, if 
WDEN flag is set to 0 when an 
uppermost bit of a watchdog timer 
is 1, WDT interrupt occurs 
depending on the timing of this 
clear the watchdog timer may be 
reset at 1/4T,,. If the WDEN bit is 
to be repeatedly cleared and set at 
regular intervals, those operations 
should be performed within 1/4 of 
the T,,, period. 
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4-6 Watchdog Timer Operation 


4-6-1 Overview 


The watchdog timer is controlled by the watchdog control register (WDCTR) and can 
be used for runaway program detection. 


4-6-2 Setup and Operation 


(1) Set the WDEN flag of the watchdog timer control register (WDCTR) to "1" to start 
the watchdog timer. 

(2) Operate the watchdog timer by clearing the WDEN flag to "0" within the fixed 
amount of time (T,,,), and then resetting the WDEN flag to "1." 


If the WDEN flag is not cleared, a WDT interrupt will be generated after the fixed 
amount of time passes. 
(3) When an illegal operation is detected, the program encoded at the location of the 


WDT interrupt routine is executed. 


T,,» is set by the ROM option as fs/2"*, fs/2", or fs/2”. 


Illegal operation detection period vs. WDEN clear period is shown by the following formula: 


Illegal operation detection period > [WDEN clear period] x 4 


When software resetting is not triggered by WDT interrupt, 


hardware resetting (low level output at the reset terminal) takes 
place at the next WDT interrupt. 
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4-7 Remote Control Output Operation 


4-7-1 Overview 


A remote control carrier pulse can be generated using the overflow of timer 3. Two 


duty ratios of 1/2 or 1/3 can be selected. 


4-7-2 Setup and Operation 


(1) Set the RMOEN flag of the remote control carrier output control register (RMCTR)to 
"0" so that the remote control carrier output is switched off. 


(2) Set timer 3 to select the base period of the remote control carrier (the 


width that the remote control carrier output pulse is held at a high level). Set bit 0 of the PIOMD register to 
(3) Set the RMDTY0 flag of the RMCTR register to select the carrier duty. aha espa tine INS BMCe 
4 Set the P10 d "and set P10 to th Peay er eee control output is switched on, and 
(4) et the output data to and set to the output mode. And select the remote 46. "0! at the’eaine tne Wie raniote 

control carrier output by setting the TMORM flag of the RMCTR register to "0". control output is switched off 


(5) The RMOEN flag of the RMCTR register controls whether the remote control carrier 
output is on or off. 
Even if the carrier output is at a high level, and the RMOEN flag is set to "0" 


(off), the carrier waveform will be maintained by the synchronous circuit 





Base period 
set by TM3 







































































RMOEN Output on ---------------- 








Output off ------ —_I 











RMOUT 
(1/3 duty) 























Figure 4-7-1 Remote Control Carrier Output Waveform 
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Buzzer Output 


4-8 Buzzer Output 


4-8-1 Buzzer Output Setup and Operation 


The square wave having a frequency 1/2° to 1/2" of the system clock can be 
output from the PO6/BUZZER pin. 


(1) 


(2) 


(3) 


(4) 


Set the BUZOE flag of the oscillation stabilization wait control register (DLYCTR) 
to "0" so that the buzzer output is turned off. 

Set the buzzer output frequency with the BUZCK1 and BUZCKO flags of the 
DLYCTR. 

Set the BUZOE flag of the DLYCTR register to "1" and set P06 to the buzzer output 
mode. 

The BUZOE flag of the DLYCTR register controls whether the buzzer output is ON 
or OFF. 


Chapter 4 Timer Functions 


4-9 Timer Function Control Registers 


4-9-1 Overview 


19 registers control the timers. See table 4-9-1. 


Table 4-9-1 Timer Control Registers 


Address Function 


TM20C X’03F72’ Compare register 2 

TM2BC X’03F62’ Binary counter 2 

TM2MD X’03F82’ Timer 2 mode register 

TM30C X’03F73’ Compare register 3 

TM3BC X’03F63’ Binary counter 3 

TM3MD X’03F83’ Timer 3 mode register 

TM40CL X’03F74’ Compare register 4 (lower 8 bits) 
TM40CH X’03F75’ Compare register 4 (upper 8 bits) 
TM4BCL X’03F64’ Binary counter 4 (lower 8 bits) 
TM4BCH X’03F65’ Binary counter 4 (upper 8 bits) 
TM4ICL X’03F66’ Input capture register (lower 8 bits) 
TM4ICH X’03F67’ Input capture register (upper 8 bits) 
TM4MD X’03F84’ Timer 4 mode register 

TM50C X’03F78’ Compare register 5 

TM5BC X’03F68’ Binary counter 5 

TM5MD X’03F88’ Timer 5 mode register 

WDCTR X’03F02’ Watchdog timer control register 
DLYCTR X’03F03’ Oscillation stabilization wait control register 






























































RMCTR X’03F89’ Remote control carrier output control register 


R/W: Readable and writable 
R: — Read only 
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4-9-2 Programmable Timer/Counters 


Timers 2~5 all contain a programmable 8-bit timer/counter (16-bit in timer 4). 
Programmable timer/counters consist of a compare register and a binary 
counter. 


(1) Compare register 2 (TM20C) 


7 6 5 4 3 2 1 0 
TM20C7 | TM20C6 }TM20C5 |TM20C4 | TM20C3 | TM20C2 |TM20C1 |TM20C0 | (at reset: undefined) 


Figure 4-9-1 Compare Register 2 (TM2OC: X'03F72', R/W) 





(2) Binary counter 2 (TM2BC) 


7 6 5 4 3 2 1 0 

















TM2BC7 | TM2BC6 weaos TM2BC4 meses TM2BC2 |TM2BC1 | TM2BC0 | (at reset: 00000000) 











Figure 4-9-2 Binary Counter 2 (TM2BC: X'03F62’', R) 


(3) Compare register 3 (TM30C) 


7 6 5 4 3 2 1 0 




















TM30C7 | TM30C6 | TM30C5 | TM30C4 Hus0es TM30C2 ce TM30C0 | (at reset: undefined) 








Figure 4-9-3 Compare Register 3 (TM30C: X'03F73', R/W) 
(4) Binary counter 3 (TM3BC) 


7 6 5 4 3 2 1 0 


TM3BC7 | TM3BC6 | TM3BC5 | TM3BC4 | TM3BC3 | TM3BC2 |TM3BC1 | TM3BC0 | (at reset: 00000000) 


Figure 4-9-4 Binary Counter 3 (TM3BC: X'03F63’', R) 





82 Timer Function Control Registers 


Chapter 4 Timer Functions 


(5) Compare register 4 (TM40CL) (lower 8 bits) 


7 6 5 4 3 2 1 0 























root foo. JTM40CL5|TM40CL4 pewocus [TM40CL2 fowoou JTM40CLO) (at reset: undefined) 





Figure 4-9-5 Compare Register 4 (TM4OCL: X'03F74', R/W) 


(6) Compare register 4 (TM4OCH) (upper 8 bits) 


7 6 5 4 3 2 1 0 























mwootr ocr oc roc usoce nwookefoot TM40CHO) (at reset: undefined) 





Figure 4-9-6 Compare Register 4 (TM4OCH: X'03F75', R/W) 


(7) Binary counter 4 (TM4BCL) (lower 8 bits) 


7 6 5 4 3 2 1 0 




















TM4BCL7 pects TM4BCL5 fsou TM4BCL3 pects JTM4BCL1 |TM4BCLO] (at reset: 00000000) 





Figure 4-9-7 Binary Counter 4 (TM4BCL: X'03F64', R) 


(8) Binary counter 4 (TM4BCH) (upper 8 bits) 


7 6 5 4 3 2 1 0 


M4BCH7|TM4BCH6)TM4BCH5 TM4BCH4 |TM4BCH3/TM4BCH2|TM4BCH1 |TM4BCHO} (at reset: 00000000) 


Figure 4-9-8 Binary Counter 4 (TM4BCH: X'03F65', R) 
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(9) Input capture register (TM4ICL) (lower 8 bits) 


7 6 5 4 3 2 1 0 























TM4ICL7 | TM4ICL6 macs TM4ICL4 faci TM4ICL2 fn TM4ICLO| (at reset: undefined) 





Figure 4-9-9 Input Capture Register (TM4ICL: X'03F66', R) 


(10) Input capture register (TM4ICH) (upper 8 bits) 


7 6 5 4 3 2 1 0 




















TM4ICH7 |TM4ICH6 |TM4ICH5S hic TM4ICH3 hac TM4ICH1 wc (at reset: undefined) 





Figure 4-9-10 Input Capture Register (TM4ICH: X'03F67', R) 


(11) Compare register 5 (TM50C) 


7 6 5 4 3 2 1 0 























TMSOC7 | TMS50C6 asoes TM50C4 usoes TM50C2 |TMSOC1 |TMSOCO|} (at reset: undefined) 





Figure 4-9-11 Compare Register 5 (TM5OC: X'03F78', R/W) 
(12) Binary counter 5 (TM5BC) 
7 6 5 4 3 2 1 0 


TM5BC7 | TMSBC6 | TM5BC5 | TM5BC4 | TM5BC3 | TM5BC2 |TM5BC1 | TM5BCO0 | (at reset: 00000000) 


Figure 4-9-12 Binary Counter 5 (TM5BC: X'03F68', R) 
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4-9-3 Timer Mode Registers 


Four readable and writable 6-byte timer mode registers. Control timers 2, 3, 4, 5, and 


the time base. 


(1) Timer 2 mode register (TM2MD) 
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7 6 5 4 3 2 1 0 
TM2MD = | = - | TM2EN | TM2PWM | TM2CK2 | TM2CK1 | TM2CKO (at reset: ---OOXXX) 
TM2CK2 | TM2CK1 | TM2CKO | Clock source selection 
Xx 0 0 fs 
1 fs/4 
0 1 0 fx 
1 TM2IO input 
, , 0 Synchronous fx * 
1 Synchronous TM2IO input 
* A8QFH package only 
TM2PWM TM2 operation mode selection 
0 Normal timer operation 
1 PWM operation 
TM2EN TM2 count control 
0 Halt the count 
1 Operate the count 














Figure 4-9-13 Timer 2 Mode Register (TM2MD: X'03F82', R/W) 
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(2) Timer 3 mode register (TM3MD) 


7 6 5 4 3 2 1 0 














TM3MD — | - | - TMBEN ne TM3CK2 | TM3CKt | TM3CK0 (at reset: ---OOXXX) 

















TM3CK2 | TM3CK1 | TM3CKO | Clock source selection 





fosc 

fs/4 

fs/16 

TMSIO input 

Cascade connection with timer 2 
Synchronous TM3IO input 























-~)/x j/-+|/o/;/+|/o 








P13 output selection 
during TM2 PWM operation 


0 Timer 3 output 
1 Timer 2 PWM output 





TM3PWM 




















TM3EN TMS count control 








0 Halt the count 
1 Operate the count 











Figure 4-9-14 Timer 3 Mode Register (TM3MD: X'03F83', R/W) 
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(3) Timer 4 mode register (TM4MD) 


7 6 5 4 3 2 1 0 


























TM4MD — | TN4EN | TM4PWM | TAICTS1 | T4ICTSO | TM4CK2 ) TM4CK1 | TMACKO (at reset: -0000XXX) 



































TM4CK2 | TM4CK1 | TM4CKO |Clock source selection 
0 fosc 
0 
1 fs/4 
0 
1 0 fs/16 
1 TMA4IO input 
1 1 1 Synchronous TM4IO input 




















T4ICTS1 | T4ICTSO | TM4 input capture trigger selection 





Disable input capture operation 
IRQO 
IRQ1 
IRQ2 























0 
7 
0 
1 














TM4PWM __ |TM4 operation mode selection 





0 16-bit timer operation 
1 PWM operation 


























TM4EN TM4 count control 





0 Halt the count 
1 Operate the count 

















Figure 4-9-15 Timer 4 Mode Register (TM4MD: X'03F84', R/W) 
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7 6 5 


(4) Timer 5 mode register (TM5MD) 


4 


3 2 1 0 





TM5MD 


TMSCLRS) TMSIR2 








TMIRI 





TMAIRO 


TMSCK3 








TMSCK2 | TMSCK1 | TMSCKO 

















(at reset: OXXXXXX0) 











Time base timer 
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TMSGKO clock source selection 
0 fosc 
1 (Use Prohibited) fx * 
* 4A8QFH package only 
TM5CK3 | TMSCK2 | TMSCK1 | Timer 5 clock source selection 
0 fosc 
. e 1 fs/4 
0 0 (Use Prohibited) 
{ 1 Output of time base timer 
0 (Use Prohibited) 
‘ 1 Synchronous time base timer output 
TMSIR2 | TMSIR1 | TMSIRO eal sonia 
0 0 1/2’ of the clock source 
0 al 1/28 of the clock source 
0 1/29 of the clock source 
d 1 1/2"° of the clock source 
1 x x 1/2'° of the clock source 
TMBCLAS eres 
0 Enable initialization of 


TM5BC during a write to TM50C 








1 


Disable initialization of 








TM5BC during a write to TM50C 





«lf TMSCLRS=0, TMSIRQ is disabled. 


Figure 4-9-16 Timer 5 Mode Register (TM5MD: X'03F88', R/W) 
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4-9-4 Timer Control Registers 


(1) Watchdog timer control register (WDCTR) 


7 6 5 4 3 2 1 0 











WDCTR = = = = = = = | WDEN | (at reset: ------- 0) 























—— WDEN | Watchdog timer enable | 





0 Clear watchdog timer/disable operation 
1 Enable WDT timer 








Figure 4-9-17 Watchdog Timer Control Register (WDCTR: X'03F02', R/W) 


(2) Oscillation stabilization wait control register (DLYCTR) 


7 6 5 4 3 2 1 0 


DLYCTR  |BUZOE|BUZCK1/BUZCKO| — - —  |DLYS1] DLYSO (at reset: OXX---00) 








Oscillation stabilization 
wait period setting 





DLYS1 | DLYSO 


0 1/214 of the system clock (fs) 
1 1/2'° of the system clock (fs) 
1 0 1/26 of the system clock (fs) 


1 1 Disable use 


«After reset is released, the oscillation 
stabilization wait period is fixed at 1/2". 





0 























Buzzer output 
BUZCK1/BUZCKO frequency selection 








1/2"? of the system clock (fs) 
1/2"! of the system clock (fs) 
1/2'° of the system clock (fs) 
1/29 of the system clock (fs) 














-+-1/OoO;-|o 








BUZOE] P06 output selection 





0 PO6 port output 
PO6 buzzer output 


Figure 4-9-18 Oscillation Stabilization Wait Counter Control Register 
(DLYCTR: X'03F03', R/W) 
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(3) Remote control carrier output control register (RMCTR) 


2 1 0 (at reset: ---O0XX0) 











RMCTR ~ 


- | = | fpwoes 








om ruore = 
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ead 


Must be set to "0." 











Remote control carrier 





AMD ING output duty selection 
0 1/2 duty 
1 1/3 duty 

















Must be set to "0." 














RMOEN 





Enable remote control 
carrier output 


Output low level 





1 


Output remote control carrier 














Must be set to "0." 








Figure 4-9-19 Remote Control Carrier Control Register 


(RMCTR: X'03F89", R/W) 
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Chapter 5 Serial Functions 


5-1 Overview 


The MN101C117 contains a serial interface that can operate in synchronous 
and simple UART modes. 


An overview of serial functions is shown below. 


Table 5-1-1 Overview of Serial Functions 





Serial 0 
Interrupt SCOICR 





Synchronous O 





Simple UART OC 





fs/2 


fs/4 
Clock selection fs/16 


BC3X1/2 
External 











1/8 period of clock i? 
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Figure 5-1-1 Serial 0 Block Diagram 
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[= Section 5-2-3, "Serial 
Interface Transfer Timing"] 
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Synchronous Serial Interface 


5-2 Synchronous Serial Interface 


5-2-1 Overview 


A serial interface begins operation when data is written to the shift buffer. A bit 


counter is incremented at each 1-bit transfer. The transfer is complete when the 


counter overflows. 


Bit transfers of an arbitrary | to 8 bits can be performed. The transfer bit count must 


be set before performing the transfer. 


5-2-2 Setup and Operation 


@ Transmission 


(1) 


(2) 


(3) 


(4) 


(5) 


(6) 


Select the synchronous serial interface by setting the SCOCMD flag of the 
serial interface 0 control register (SCOCTR) to "0." 

Select the transfer bit count with the SCOLNG2 to 0 flags of the serial 
interface 0 mode register 0 (SCOMDO). The transfer bit count can be 
set as | to 8 bits. 

Specify whether the start condition is enabled or disabled with the SCOSTE 
flag of the SCOMD0 register. 

Specify the first bit to be transferred (MSB first or LSB first) with the 
SCODIR flag of the SCOMD0 register. 

Select the valid edge of the clock signal with the SCOCE1 to 0 flags of the 
SCOMDO register. 

When the clock source is an internal clock: 

Select the clock source with the SCOCK1 to 0 flags of serial interface 0 
mode register 1 (SCOMD1). 

Set the SCOCKM flag of the SCOMD1 register specify whether or not the 


clock source frequency will be divided by 8. 


Select serial clock operation by setting the SCOSBTS flag of the serial 
interface 0 mode register 3 (SCOMD3) to "1." 

Set the SCOSBTM flag of the SCOMD3 register. 

Set bit 0 of the port 0 direction control register (PODIR) to the output 
mode. 


Set bit 0 of the port 0 pull-up resistor control register (POPLU). 


(7) 
(8) 
(9) 
(10) 


(1) 


(12) 


When the clock source is an external clock (SBTO pin input): 

° Set the SCOSBTM flag of the SCOMD3 register. 

¢ Set bit 2 of the PODIR register to input mode. 

¢ Set the POPLU register, if necessary. 

Select the SCOSBOM flag of the SCOMD3 register. 

Select the SCOIOM flag of the SCOMD3 register. 

Select serial communication by setting the SCOSBOS flag of the 
SCOMD3 register to "1." 

Set transmit data to serial interface 0 transmit/receive shift register 
(SCOTRB). This will start the serial transmission. 

When serial transmission begins, the SCOBSY flag of the SCOCTR register 
is set to "1," indicating that a serial transfer is in progress. 

When the serial transmission has completed, the SCOBSY flag of the 
SCOCTR register is cleared to "0" and the SCO transfer complete interrupt 
request flag is set to "1." The SCOTRI flag of SCOMDI register 1 is cleared 
to "0." 


After the transfer is complete, the transfer bit count in the 
SCOLNG2 to 0 flags of the SCOMDO register will be changed. 
Except in an 8-bit transfer, reset the transfer bit count at the 
time of the next transmission. 


When switching from transmission to reception, set the 
SCOSBOS flag of the SCOMD3 register to "0" and then set 
the SCOSBIS flag to "1." Do not change both of these flags at 
the same time. 


The SCOSBTS flag of the SCOMD3 register must be set to "1" 
before the SCOSBOS flag of the SCOMDS3 register is set to 
"4 a 
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When the serial port is enabled 
and the SCOCE7 to 0 flags of 
the SCOMDO register are 
changed, the transfer bit count 
in the SCOLNG2 to O flags of 
the SCOMDO register may be 
incremented. 


Enabling the start condition 
drives the SBOO pin high for a 
fixed time interval (1/2 the 
clock source cycle) after the 
transmission is completed. If 
the start condition is disabled, 
the SBOO pin will remain at the 
value of the of the last data bit. 


If the SCOIOM flag of the 
SCOMD3 register is set for a 
pin connection, the SBIO pin 
can be used as a port. The 
SBO0 pin receives data during 
the input mode and transmits 
data during the output mode. 


The SCOLNG2 to 0 flags 
change at the opposite edge of 
the transmit data output edge. 


Serial interface O begins 
operation when the SCOSBOS 
flag or the SCOSBIS flag is set 
to "1." Set the SCOSBOS flag 
or the SCOSBIS flag after all 
conditions have been set. 
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Figure 5-2-1 Synchronous Serial Interface Transmission Timing (falling edge) 
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Figure 5-2-2 Synchronous Serial Interface Transmission Timing (rising edge) 
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@ Reception 


(1) 


(2) 


(3) 


(4) 


(5) 


(6) 


(7) 
(8) 


(9) 


(10) 


Select the synchronous serial interface by setting the SCOCMD flag of the 

serial interface 0 control register (SCOCTR) to "0." 

Select the transfer bit count with the SCOLNG2 to 0 flags of the serial 

interface 0 mode register 0 (SCOMDO). The transfer bit count can be set as 

1 to 8 bits. 

Specify whether the start condition is enabled or disabled with the SCOSTE 

flag of the SCOMD0 register. 

Specify the first bit to be transferred (MSB first or LSB first) with the 

SCODIR flag of the SCOMDO0 register. 

Select the valid edge of the clock signal with the SCOCE1 to 0 flags of the 

SCOMD0 register. 

When the clock source is an internal clock: 

¢ Select the clock source with the SCOCK1 to 0 flags of serial interface 0 
mode register 1 (SCOMD1). 

* Set the SCOCKM flag of the SCOMD1 register to specify whether or not 
the clock source frequency will be divided by 8. 

¢ Select serial clock pin operation by setting the SCOSBTS flag of the 
serial interface 0 mode register 3 (SCOMD3) to "1." 

¢ Set the SCOSBTM flag of the SCOMD3 register. 

¢ Set bit 2 of the port 0 direction control register (PODIR) to the output 
mode (P02/SBTO output mode). 

¢ If necessary, set bit 2 of the port O pull-up resistor control register 
(POPLU) to add the pull-up resistor. 

When the clock source is an external clock (SBTO pin input): 

¢ Set bit 2 of the PODIR register to the input mode. 

¢ Ifnecessary, set bit 2 of the POPLU register. 

Select the SCOIOM flag of the SCOMD3 register. 

Select serial communication by setting the SCOSBIS flag of the SCOMD3 

register to "1." (Reception data wait.) 

When the serial reception begins, the SCOBSY flag of the serial interface 0 

control register (SCOCTR) is set to "1," indicating that a serial transfer is in 

progress. 

When the serial reception is complete, the SCOBSY flag of the SCOCTR 

register is cleared to "0" and the SCO transfer complete interrupt request flag 

is set to "1." The SCOTRI flag of the SCOMD1 register is set to "1." 


After the transfer is complete, the transfer bit count in the 
SCOLNG2 to 0 flags of the SCOMDO register will be 
changed. Except in an 8-bit transfer count, reset the 
transfer bit count at the time of the next reception. 


When switching from reception to transmission, set the 
SCOSBIS flag of the SCOMD3 register to "0" and then set 
the SCOSBOS flag to "1." Do not change both of these 
flags at the same time. 
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When the serial port is enabled 
and the SCOCE7 to 0 flags of 
the SCOMDO register are 
changed, the transfer bit count 
in the SCOLNG2 to 0 flags of 
the SCOMDO register may by 
incremented. 


[== Section 5-2-3, "Serial 
Interface Transfer Timing"] 


If the start condition is enabled, 
the SCOLNG2 to 0 flags of the 
SCOMDO register will be 
cleared when the. start 
condition is received. In this 
case, the receive bit count is 
fixed at 8 bits. 


The SCOSBTS flag of the 
SCOMD3 register must be set 
to "1" before setting the 
SCOSBIS flag of the SCOMD3 
register to "1." 


If the internal clock is selected 
as the clock source, after 
setting the SCOSBIS flag of the 
SCOMD3 register to "1," write 
dummy data to the SCOTRB 
register. If there is to be 
another reception, write 
dummy data again to the 
SCOTRB register. 


The SCOLNG2 to 0 flags 
change at the opposite edge of 
the transmit data output edge. 


Serial interface O begins 
operation when the SCOSBOS 
flag or the SCOSBIS flag is set 
to "1." Set the SCOSBOS flag 
or the SCOSBIS flag after all 
conditions have been set. 
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Figure 5-2-3 Synchronous Serial Interface Reception Timing 
(reception at rising edge) 
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Figure 5-2-4 Synchronous Serial Interface Reception Timing 
(reception at falling edge) 
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5-2-3 Serial Interface Transfer Timing 


Serial interface 0 uses the SCOCEO and SCOCE! flags of serial interface 0 mode 
register 0 (SCOMDO), to control the edge at which transmission data is output and 
the edge at which reception data is input. 

During transmission, when the SCnCEI flag is "0," data output is synchronized to 
the falling edge of the clock. 

During reception, when the SCnCEO flag is "0," data reception is synchronized to 
the opposite polarity edge of the transmit data edge. When the SCnCEO flag is "1," 


data reception is synchronized to the same polarity edge as the transmit data edge. 


Table 5-2-1 Serial Data Input Edge and Output Edge (serial interface 0) 

















SCOCE0 | SCOCE1) Receive Data Input Edge Transmit Data Output Edge 
0 0 A y 
0 1 y A 
1 0 y y 
1 1 4 4 
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When serial interface 0 is used for simultaneous transmission and reception, set the 
SCnCEO and SCnCE! flags of the SCnMDO0 register to "00" or "01", so that the 
reception data input edge is opposite in polarity to the transmit data output edge. 
Also, the polarity of the reception data input edge is opposite polarity of the 


transmit data output edge of the other device. 


ry A 4 A 4 ry ry 4 
SBTO q 
Data is input in synchronization with the rising edge of the clock. 


SBIO 
























































las 
4 





\ Data is output in synchronization with the falling edge of the clock. 





SBOO 





Figure 5-2-5 Synchronous Serial Transmit/Receive Timing 
(data is received at the rising edge and transmitted at the falling edge) 






























































SBTo A A A A A 4 4 
J Data is input in synchronization with the falling edge of the clock. 
SBIO 
Data is output in synchronization with the rising edge of the clock. 
SBOO 





Figure 5-2-6 Synchronous Serial Transmit/Receive Timing 
(data is received at the falling edge and transmitted at the rising edge) 
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5-3 Half-duplex UART Serial Interface 


5-3-1 Overview 


Setup and operation of UART transmission and reception are described 
below. 


5-3-2 Setup and Operation 


@ Transmission 


(1) — Select UART by setting the SCOCMD flag of the serial interface 0 control 
register (SCOCTR) to "1." When the serial port is enabled 
(2) Specify the first bit to be transferred (MSB first or LSB first) with the angie SENG) ta O-Nags' oF 
a : the SCOMDO register are 
SCODIR flag of the serial interface 0 mode register 0 (SCOMD0). toggled, the transfer bit count 
(3) Select the valid edge of the clock signal with the SCOCE1 to 0 flags of the may change. 
SCOMD0 register. 
(4) Select the clock source with the SCOCK1 to 0 flags of serial interface 0 


mode register 1 (SCOMD1). 


(5) Set the SCOCKM flags of the SCOMD1 register to "1" to divide the clock The TXD pin goes to a high 
source frequency by 8. level after transmission is 
(6) Set the SCONPE flag of the serial interface 0 mode register 2 (SCOMD2) to compete: 


enable or disable parity. 


Setting the SCOFM flag of the SCOMD2 register to frame 
mode automatically sets the SCOLNG2 to 0 flags of the 
SCOMDO register. 


After the transfer is complete, the SCOLNG2 to 0 flags of the 
SCOMDO register are automatically set with the transfer bit 
count. 


Set the SCOCKM flag of the SCOMD1 register to "1" to divide 
the clock source frequency by 8. 
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Serial interface O begins 
operation when the SCOSBOS 
flag or the SCOSBIS flag is set 
to "1." Set the SCOSBOS flag 
or the SCOSBIS flag after all 
conditions have been set. 
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(7) 
(8) 
(9) 
(10) 
(11) 
(12) 
(13) 
(14) 


(15) 


(16) 


TXD 
Parity enabled 


If parity is enabled by the SCONPE flag of the SCOMD2 register, set the 
SCOPM1~0 flags of the SCOMD?2 register to specify the added parity bit. 

Set the SCOFM1 to 0 flags of the SCOMD2 register to specify the frame 
mode. 

Set the SCOBRKE flag of the SCOMD2 register to control break status 
transmission. 

Select the SCOSBOM flag of the SCOMD3 register. 

Select the SCOIOM flag of the SCOMD3 register. 

Set bit 0 of the port 0 direction control register (PODIR) to the output mode. 
Select serial communication by setting the SCOSBOS flag of the SCOMD3 
register to "1." 

Set transmit data to serial interface 0 transmit/receive shift register 
(SCOTRB). This will start the serial transmission. 

When the serial transmission begins, the SCOBSY flag of the SCOCTR 
register is set to "1," indicating that a serial transfer is in progress. 

When the serial transmission is complete, the SCOBSY flag of the SCOCTR 
register is cleared to "0" and the SCO transfer complete interrupt request flag 
is set to "1." The SCOTRI flag of the SCOMD1 register is cleared to "0." 








TXD 
Parity disabled 





\/Parity, /Stop: Stop : 
\ sr | bt bt 








Interrupt 


\ \ fee 














Parity enabled ' 


Interrupt 
Parity disabled : 

















SCOBSY 
Parity enabled 








SCOBSY 
Parity disabled 





Interface 





Figure 5-3-1 UART Transmission Timing 
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@ Reception When the serial port is enabled 
and the SCOCE7 to 0 flags of 
(1) Select UART by setting the SCOCMD flag of the serial interface 0 control the SCOMDO register are 
register (SCOCTR) to "1." toggled, the transfer bit count 

may change. 


(2) Specify the first bit to be transferred (MSB first or LSB first) with the 
SCODIR flag of the serial interface 0 mode register 0 (SCOMDO). The TXD pin goes to a high 
(3) — Select the valid edge of the clock signal with the SCOCE1 to 0 flags of the level after reception is 
SCOMDO register. complete. 
(4) Select the clock source with the SCOCK1~0 flags of serial interface 0 mode 
register 1 (SCOMD1). 
(5) Set the SCOCKM flags of the SCOMD!1 register to "1" to divide the clock 
source frequency by 8. 
(6) Set the SCONPE flag of the serial interface 0 mode register 2 (SCOMD2) to 
enable or disable parity. 
(7) _ If parity is enabled by the SCONPE flag of the SCOMD?2 register, set the 
SCOPM1 to 0 flags of the SCOMD?2 register to specify the added parity bit. 
(8) Set the SCOFM1 to 0 flags of the SCOMD?2 register to specify the frame 
mode. 
(9) — Select the SCOIOM flag of the SCOMD3 register. 
(10) When the SCOIOM flag of the SCOMD3 register is specified that the pin is 
independent, set bit 1 of the port 0 direction control register (PODIR) to the 
input mode. 
(11) Set bit 0 of the port 0 pull-up resistor control register (POPLU). 
(12) Select serial communication by setting the SCOSBIS flag of the SCOMD3 Saal dnleviaee & Beains 
register to "1." operation when the SCOSBOS 
(13) When the serial transmission begins, the SCOBSY flag of the SCOCTR or SCOSBIS flag is set to "1." 
Set the SCOSBOS or SCOSBIS 


flag after all conditions have 
been set. 


register is set to "1," indicating that a serial transfer is in progress. 

(14) When the serial transmission is complete, the SCOBSY flag of the SCOCTR 
register is cleared to "0" and the SCO transfer complete interrupt request flag 
is set to "1." The SCOTRI flag of the SCOMD1 register is cleared to "1." 


One machine cycle after the 
stop bit has been received, the 
start condition will no longer be 


Setting the SCOFM flag of the SCOMD2 register to frame accepted. Therefore, 
mode automatically sets the SCOLNG2 to 0 flags of the 


consecutive reception must be 
performed carefully. 


SCOMDO register. 





After the transfer is complete, the SCOLNG2 to 0 flags of the 
SCOMDO register are automatically set with the transfer bit 


count. 
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RXD 





Parity enabled 


rer er e oP 





RXD 














, a Xe 


Parity disabled | \ \ 


Interrupt 
Parity enabled : 

















Interrupt : 
Parity disabled : 














SCOBSY 
Parity enabled 











SCOBSY 
Parity disabled 


Figure 5-3-2 UART Reception Timing 
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5-3-3 How to Use the Baud Rate Timer 


Refer to the following when using the baud rate timer to set the UART transfer 
speed. 
(1) Specifying the timer clock source 
The clock source is specified by the TM3CKS3 to 1 flags of the timer 3 
mode register (TM3MD). 
(2) Setting the compare register 
The compare register value is set in the timer 3 compare register (TM30C). 
This set value is computed according to the following formula: 
overflow period = (compare register set value + 1) x timer clock period 


baud rate = 1/(overflow period x 2 x 8) 
T SCOMD1(SCOCKM) 


compare register set value = timer clock frequency/(baud rate x 2 x 8) — 1 


Table 5-3-1 UART Transfer Rate 

Set the values from this table 
(minus 1) in the compare 
register. 


Transfer Speed 1200 | 2400 | 4800 | 9600 | 19200 
Calculated] Set ‘Calculated| Set ‘Calculated| Set ‘Calculated| Set ‘Calculate 
Vi e' Value Value V; Value Value Value Value Value» Value 





Sef 
Value 


208 '1202| 104 2403| 52 :4807| 26 :9615 

















1201 | 109 |2402| 55 '4761 : 9699 






































































































































Example: 
The timer 3 clock source is fs/4 (fosc = 8MHz) and a baud rate of 300 bps is 
desired. 
Since fs=fosc/2, 
compare register set value = (8 X 10°/2/4)/(300 x 2 x 8)— 1 
=207 
= X'CF' 
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5-4 Serial Interface Control Registers 


5-4-1 Overview 


7 registers control the serial interface. See table 5-4-1. 


Table 5-4-1 Serial Interface Registers 



































Name_ | Address R/W Function 

SCOMDO | X'03F50' R/W | Serial interface 0 mode register 0 

SCOMD1 | X'03F51' R/W_| Serial interface 0 mode register 1 

SCOMD2 | X'03F52' R/W_| Serial interface 0 mode register 2 

SCOMD3 | X'03F53' R/W_| Serial interface 0 mode register 3 

SCOCTR X'03F54' R/W_| Serial interface 0 control register 

SCOTRB X'03F55' WwW Serial interface 0 transmit/receive shift register 
SCORXB | X'03F56' R Serial interface 0 receive data buffer 
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5-4-2 Transmit/Receive Shift Registers, Receive Data Buffer 


(1) Serial interface 0 transmit/receive shift register (SCOTRB) 


This 8-bit, writable register shifts the transmission data and the reception data. The 


direction of transfer can be specified as LSB first or MSB first. 


7 6 5 4 3 2 1 0 





SCOTRB SCOTRB7|SCOTRB6| SCOTRB5|SCOTRB4 SCOTRB3 |SCOTRB2|SCOTRB1 |SCOTRBO) (at reset: undefined) 





























Figure 5-4-1 Serial Interface 0 Transmit/Receive Shift Register 
(SCOTRB: X'03F55', W) 


(2) Serial interface 0 receive data buffer (SCORXB) 


7 6 5 4 3 2 1 0 





SCORXB SCORXB7|SCORXB6| SCORXB5|SCORXB4 |SCORXB3 |SCORXB2 |SCORXB1|SCORXBO| (at reset: undefined) 


























Figure 5-4-2 Serial Interface 0 Receive Data Buffer 
(SCORXB: X'03F56', R) 
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5-4-3 Serial Interface Mode Registers 


(1) Serial interface 0 mode register (SCOMDO) 


5 


4 


3 


2 


1 0 











SCOCE0! 


SCOCE1 





SCODIR 





SCOSTE 





ISCOLNG2 





SCOLNG1ISCOLNGQ 























(at reset: -O0OXX000) 































































































SCOLNG2]SCOLNG1| SCOLNGO) Transfer bit count 
0 8 bit 
: 1 7 bit 
0 : 
0 6 bit 
i 1 | Sbit 
0 4 bi 
0 u 
{ 1 3 bit 
0 2 bit 
i 1 | 1bit 
SCOSTE Selection of synchronous 
serial start condition 
0 Disable start condition 
1 Enable start condition 
SCODIR First bit to be transferred 
0 MSB first 
1 LSB first 
Receive data | Transmit data 
SCOCED|SCOCET input edge | output edge 
0 0 Rising Falling 
0 1 Falling Rising 
1 0 Falling Falling 
1 1 Rising Rising 











Figure 5-4-3 Serial Interface 0 Mode Register 0 (SCOMDO: X'03F50', R/W) 
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(2) Serial interface 0 mode register 1 (SCOMD1) 


7 6 


5 


4 


3 2 


1 0 





SCOMD1 - - 








SCOCKM 





SCOCK1 








scoot. soar 


SCvERE|SCOTR 

















(at reset: --X00000) 
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SCOTRI 


Transmit/receive 
interrupt request flag 





0 


Transmit interrupt request 
Receive interrupt request 























SCOERE Error monitor 
0 No error 
1 Error 
Break 
SCOBRKF reak status 


receive monitor 

















0 Data 
1 Break 
SCOCK1 SCOCKO Clock source 





fs/2 





fs/4 
fs/16 








0 
0 
Fi 
1 


0 
1 
0 
1 





BC3x1/2(1/2 of timer 3 overflow) 

















SCOCKM 


Divide clock frequency by 8 





0 


Do not divide by 8 





1 








Divide by 8 








An external clock can be selected as the clock 
source by setting the SBTO pin to the input mode. 


Figure 5-4-4 Serial Interface 0 Mode Register 1 (SCOMD1: X'03F51', R/W) 
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7 6 5 4 


(3) Serial interface 0 mode register 2 (SCOMD2) 


3 2 


1 0 





SCOMD2 | - | - score score scorwofscoPat 


110 


scoPM SconPe| 

















(at reset: --O00XXX) 





SCONPE 


Parity enable 





Parity enabled 








Parity disabled 








SCOPM1 | SCOPMO 


Added bit specification 











Transmission Reception 
‘ Normally add 0 Check for 0 
Normally add 1 Check for 1 





Add odd parity —_|Check for odd parity 





—_>) of | oS 





Add even parity —|Check for even parity 











SCOFM1 |SCOFMO 


Frame mode specification 





7 data bits + 1 stop bit 





7 data bits + 2 stop bits 





8 data bits + 1 stop bits 








0 
1 
0 
1 


8 data bits + 2 stop bits 
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SCOBRKE 


Break status transmit control 





Data 











Break 





Figure 5-4-5 Serial Interface 0 Mode Register 2 (SCOMD2: X'03F52', R/W) 





(4) Serial interface 0 mode register 3 (SCOMD3) 


7 6 5 4 3 2 1 0 


























SCOMD3 - —  |SCOIOM|SCOSBOM| SCOSBTM|SCOSBOS|SCOSBIS|SCOSBTS 
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(at reset: --000000) 









SCOSBTS 


SBTO pin function selection 





0 









Port 
Serial clock pin 



































SCOSBIS SBIO input control 
0 "{" input 
1 Serial input 
SCOSBOS SBOO0 pin function selection 
0 Port 
i Serial communication 
























































SCOSBTM SBTO pin configuration selection 
0 Push-pull output 
1 N-channel open-drain output 
SCOSBOM SBO0 pin configuration selection 
0 Push-pull output 
1 N-channel open-drain output 
SCOIOM SBI0/SBOO pin connection 
0 Unconnected 
1 Connected 











Figure 5-4-6 Serial Interface 0 Mode Register 3 (SCOMD3: X'03F53', R/W) 
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5-4-4 Serial Interface Control Register 


(1) Serial interface 0 control register (SCOCTR) 








































































































7 6 5 4 3 2 1 0 
SCOCTR SCOBSY|SCOCMD) = — - scorer scorex|scoore = (at reset: OOXX000X) 

SCOORE Overrun error detection 
0 No Error 
1 Error 

SCOPEK Parity error detection 
0 No Error 
1 Error 

SCOFEF Framing error detection 
0 No Error 
1 Error 

Synchronous serial/ 

SCueMG UART selection 
0 Synchronous serial 
1 UART 

SCOBSY Serial bus status 
0 Other use 
1 Serial transmission in progress 














Figure 5-4-7 Serial Interface 0 Control Register (SCOCTR: X'03F54', R) 
(R/W available with SCOCMD only) 
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Chapter 6 A/D Conversion Functions 


6-1 Overview 


The MN101C117 has an internal A/D converter with 10-bit resolution. A 
sample-and-hold circuit is contained on-chip and software can switch the 
analog input between channels 0 to 7 (ANO to AN7). 

When the A/D converter is stopped, power consumption can be reduced by 
turning off the internal ladder resistors. 























































































































































































































ANCTRY1 0 
7 ANBUF1 ' ANBUFO 9 
7 ANBUF10 = 
ne ANBUF11 = 
= ANBUF12 = 
awe 0 [J ANBUF13 = 
baNeued 7 i ANBUF 14 = 
ANCHS1 I —ANST | ; A/D peas SRBULE = 
| ANCHS2 _ ANBUF16 | | ANBUFO6 
aaa ANBUFIT |_ [ ANBUFO7 
ANCK1 A A 
ANSHO 
ANSH1 
7 3 v 
Vpp RS 
y 
ANO ——» 
AN1 —~> 5 
AN2 —> 2 y Upper 8 bits of A/D 
-——————conversion data 
oe MUX > |Sample & hold eal 
AN4 > ales apse A/D comparator—J4E-SHy--TNYa 
AN5 —— > ry Ty Lower 2 bits of A/D conversion data 
AN6 —» 
AN7 —> 
Vss 
fs/2 
iss MUX m| 1/2 Le 
fs/8 ____ 
fx x2 be 1/6 ——» MUX 
~ 41/187 "| 





























Figure 6-1-1 A/D Converter Block Diagram 
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6-2 A/D Conversion 


The procedures for operating the A/D conversion circuit are listed below. 


(1) Set the ANCHS2 to ANCHSO flags of A/D control register 0 (ANCTRO) to specify one 
of pins AN7 to ANO (PA7 to PAO) as the analog input. 

(2) Set the ANCK1 and ANCKO flags of A/D control register 0 to select the A/D 
conversion clock. Make this setting such that the period of the conversion clock 
(TAD), which is based on the oscillator, is greater than 800ns. 

(3) With the ANSH1 and ANSHO flags of A/D control register 0, set the sample-and-hold 


time. Select a value for the sample and hold time that is suitable for the analog input 


impedance. 

(4) Set the ANLADE flag of A/D control register 0 to "1" so that current flows through Start the A/D conversion after the 
the ladder resistors and the A/D converter is on standby. current flowing through the ladder 
Note: Steps 1 to 4 above may performed all at the same time. resistors stabilizes. The time 

. constant calculated time from the 

(5) Set the ANST flag of A/D control register 1 (ANCTR1) to "1" to start the A/D : 

: ladder resistance (max. 80 kQ) 
conversion. and the external bypass capacitor 

(6) After the sample-and-hold time set in step 3, the sampled A/D conversion data is connected between Vdd and Vss 
sequentially compared to determine its value beginning with the MSB. should be used as the criteria for 


(7) When the A/D conversion is complete, the ANST bit is cleared to "0" and conversion ine igi: 


results are stored in A/D buffers (ANBUFO, 1). At the same time, an A/D complete 
interrupt request (ADIRQ) is generated. 


Tab 


+~—— 1-2 3 4 12 


ANST a -— 














A/D conversion start A/D conversion complete 
Ts 
S § a 
Sampling Hold : 
Bit 9 Bit 8 Bito | 
comparison, comparison comparison, 
Determine Determine Determine Determine 


bit9 value bit 8 value bit 1 value bit 0 value 





A/D interrupt —-—--$-_—$ pT 


Figure 6-2-1 A/D Conversion Timing 


A/D Conversion 1 15 
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A/D converter: 

1. Use a maximum input pin impedance, R, of 500kQ" with an external 
capacitor, C, that is minimum 1,000pF and maximum 1pF". 

2. Take the RC time into consideration when setting the A/D conversion 
interval. 

3. Changing the output level of the microcomputer or switching peripheral 
circuitry on or off when the A/D converter is in use may cause the 
analog input pin or current pin to fluctuate resulting in a loss of 
precision. During setup and evaluation, verify the waveform of the 
analog input pin. 


C The following items must be implemented to maintain the accuracy of the 
| 


Equivalent circuit of 











a analog signal output | — Microcomputer 
R 
——\A\\v e : A/D input pin 
[ oo ey 
itd wes 
ARAB Roe Re Re a ad Vss I ha tah a Sa Ta 


1 wF>C>1000pF 
where R<500kQ 


*1 These values are reference values. 


Figure 6-2-2 Recommended Circuit When Using A/D Conversion 





6-3 A/D Converter Control Registers 


6-3-1 Overview 


Four registers control the A/D converter. See table 6-3-1. 


Table 6-3-1 A/D Converter Control Registers 




















Name Address R/W Function 
ANCTRO | X'03F90' R/W A/D control register 0 
ANCTRI | X'03F91' R/W A/D control register 1 
ANBUFO | X'03F92' R A/D buffer 0 
ANBUFI | X'03F93' R A/D buffer 1 
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6-3-2 A/D Control Register (ANCTR) 


This readable and writable 8-bit register controls the operation of the A/D 
converter. 


7 6 5 4 3 2 1 0 





(at reset: XXXXOXXX) 














ANCTRO | ANSH1}ANSHO ANCKA]ANCKO Janine anc ANCHS1 acs 






































ANCHS2 | ANCHS1 | ANCHSO |Analog input selection 
0 
0 ANO 
1 AN1 
0 
; 0 AN2 
1 AN3 
0 0 AN4 
i 1 AN5 
F 0 AN6 
1 AN7 


























ANLADE A/D ladder resistor control 





0 A/D ladder resistors off 





















































1 A/D ladder resistors on 
ANCK1 | ANCKO A/D conversion 
clock selection*1 
0 fs/2 
0 
1 fs/4 
1 0 fs/8 
1 Use prohibited 
Sample and 
Peak lene hold es setting*2 
0 Tap x 2 
: 1 Tap x 6 
1 0 Tap x 18 
1 Use prohibited 

















(1) A/D control register 0 (ANCTRO) 
*1:Specify that where the period of the A/D conversion clock 
is greater than 800ns. 
*2:Sample-and-hold time is determined by the analog input 
impedance. Tan indicates the period of the A/D conversion 
clock. 


Figure 6-3-1 A/D Control Register 0 (ANCTRO: X'03F90', R/W) 
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(2) A/D conversion control register 1 (ANCTR1) 





ANCTR1 ANST (at reset: 0------- ) 





















































ANST A/D conversion status 
0 A/D conversion completed or stopped 
1 A/D conversion started or in progress 





Figure 6-3-2 A/D Control Register 1 (ANCTR1: X'03F91', R/W) 
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6-3-3 A/D Buffers (ANBUF) 


These read-only registers store the A/D conversion results. 


(1) A/D buffer 0 (ANBUFO) 


This register stores the lower 2 bits of the A/D conversion results. 


7 6 5 4 3 2 1 0 





ANBUFO __|ANBUFO7|ANBUFO6 (at reset: XX------ ) 


























Figure 6-3-3 A/D Buffer 0 (ANBUFO: X'03F92', R) 


(2) A/D buffer 1 (ANBUF1) 


This register stores the upper 8 bits of the A/D conversion results. 


7 6 5 4 3 2 1 0 











ANBUF1 __|ANBUF17|ANBUF16|ANBUF15|ANBUF14|ANBUF13| ANBUF12|ANBUF1 1 |ANBUF10 (at reset: XXXXXXXX) 




















Figure 6-3-4 A/D Buffer 1 (ANBUF1: X'03F93', R) 
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Chapter 7 AC Zero-Cross Circuit/Noise Filter 





7-1 Overview 


The P21/SENS pin is the input pin for the AC zero-cross detection circuit. 
The AC zero-cross detection circuit outputs a high level when the input is at 
an intermediate level, and a low level at all other times. 





















































P21/IRQ1/SENS 
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FLOAT1 
P7RDWN 
PARDWN 
P21IM 
——7 
AC zero-cross » Pai inpuv/IRQ1 
detection circuit MUX to noise filter 








(See figure 7-3-1.) 



































> 


Figure 7-1-1 P21 Input Circuit Block Diagram 
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7-2 AC Zero-Cross Circuit Operation 


7-2-1 Setup and Operation 


Settings for zero-cross circuit operation are listed below. 


(1) Set the REDGI flag of the IRQLICR register to select the valid edge for IRQ1. 

(2) Set the NFIEN and NFICK1 to 0 flags of the NFCTR register to set the noise filter 
and its sampling clock. 

(3) With the P21IM flag of the FLOAT! register, set the P21 pin to zero-cross 
detection. 

(4) AnIRQ1 interrupt is generated by the falling edge or the rising edge of AC 


zero-cross detection output. 


10 ms at 50Hz 


: 8.3 ms at 60Hz 
AC line waveform < a 




















Ideal | i— 
IRQ1 
Actual ; 
IRQ1 


Point A —»! 




















Figure 7-2-1 AC Line Waveform and IRQ Generation Timing 


Actual IRQ interrupt requests will be generated multiple times. Therefore, the software must 


filter this signal before making any evaluations. 
When noise filtering is selected for use, the amount of evaluation processing by the software 


will be reduced. However, if the OSC stops, a return from the backup mode will not be 


possible. 
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7-3 Noise Filter 


7-3-1 Overview 


External interrupt pins IRQO and IRQ1 contain noise filtering circuit. This 
circuitry can be used for remote control signal reception. 


































































































6 Data bus 
NFCTR 
| NFOEN | 
IRQO: External interrupt 0 [ é ai 
NFIEN_ 
j 7, NFICKSO 
IRQ1: External interrupt 1 r 5 Ree 
fs/2° >| =a 
8 
i MUX 
fs/2-——>| 
fs/2'2 > 
il 
P20/IRQ0 >| Noise filter =|» 
MUX |}4~—————> To IRQO 
interrupt 
Y 
fs/2° > 
8 
ee MUX 
fs/2-——>] 
fs/2\2 —+| 
Y 























P21/IRQ1/SENS - print id Noise filter |-_____+ 
; mux |» To IRat 
Peery interrupt 


Figure 7-3-1 Noise Filtering Circuit Block Diagram 
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7-3-2 Example Input and Output Waveforms for Noise Filter 


When the noise filter is used, the waveform input to the IRQO pin is sampled based on the 
clock specified by the NFOCKSO and NFOCKS1 flags of the noise filter control register 
(NFCTR). The waveform input to the IRQ1 pin is also sampled based on the clock specified 
by the NFICKSO and NFICKS1 flags. If the sampled level remains the same for 3 


consecutive samples, it is sent the CPU; otherwise, the previous level is maintained. 


a 























mt ff 








Waveform after 
noise filtering 








Figure 7-3-2 Noise Filter Input and Output Waveform Example 





( 


Noise filtering cannot be 
used in the STOP or HALT 
modes. 
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[es 2-4-3 "Interrupt Control 
Registers M External Interrupt 
Control Registers"] 


[= 3-2-2 "I/O Port Control 
Registers HM Pin Control 
Registers"] 
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7-4 AC Zero-Cross Control Register 


7-4-1 Overview 


Four registers control the AC zero-cross circuit. 


Table 7-4-1 AC Zero-Cross Control Register 


























Name Address R/W Function 
TRQOICR | X'03FE2' R/W External interrupt control register 0 
IRQUICR | X'03FE3' R/W External interrupt control register 1 
FLOATI | X'03F4B' R/W Pin control register 1 
NFCTR X'03F8A' R/W Noise filter control register 








7-4-2 Noise Filter Control Register (NFCTR) 


This 6-bit readable and writable register controls the noise filter. 


7 6 5 


4 


3 


2 


{ 





IFCTR al — _ |NFICKS1/NF1CKSO 














NFIEN 


NFOCKS1 


NFOCKSO 
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NFOEN (at reset: --000000) 




















| 










































































NFOEN | IRQO noise filter setup and operation 
0 IRQO noise filter off 
1 IRQO noise filter on 
neocksi|Neockso} ___'RQO noise filter 
sampling period selection 
0 0 ts/F 
1 ts/2 
0 | ts/ 
1 10 
1 fs/2 
NFIEN | IRQ1 noise filter setup and operation 
0 IRQ1 noise filter off 
1 IRQ1 noise filter on 
NeicKSt |NEicKso| __'RQ1 noise filter 
sampling period selection 
0 0 fs/F 
1 fs/B 
0 | te 
1 10 
1 fs/2 




















Figure 7-4-1 Noise Filter Control Register (NFCTR: X'03F8A', R/W) 


AC Zero-Cross Control Register 
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EPROM Versions 


8-1 EPROM Versions 


8-1-1 Overview 


EPROM version is microcomputer which was replaced with the mask ROM 
of the MN101C11 with an electronically programmable 16-KB EPROM. 


Because the MN101CP117**(**=DP,BF,HP) is sealed in plastic, once data 
is written to the internal PROM it cannot be erased. 

Because the PX-AP101C11-SDC and PX-AP101C11-FBC are sealed ina 
ceramic package that has a window, written data can beerased by 
illumination with ultraviolet light. Plastic package uses a 42-pin shrink DIL 
package, 44-pin flat package, and 48-pin flat package. Ceramic packages 
uses a 42-pin shrink DIL package and 44-pin flat package. 


Setting the EPROM version to EPROM mode, halts microcomputer 
functions, and the internal EPROM can be programmed. Refer to the 
EPROM mode pin diagram in figure 9-4-3 to 5. 


The specification for writing to the internal EPROM are the same as for a 
general-purpose 256Kbit EPROM(Vpp=12.5V, tow=0.2ms). Therefore, 

by replacing theEPROM Version's 42-pin socket with a special 28-pin 
socket adapter(supplied by Panasonic) having the same configuration as a 
normal EPROM, a general-purpose EPROM writer can be 

used to perform read and write operations. 


The EPROM Version is described on the following items: 

- Cautions on use of the internal EPROM 

- Erasing written Data in Windowed Package(PX-AP101C11-SDC, PX- 
AP101C11-FBC) 

- Characteristics of EPROM Versions 

- Writing to the Microcomputer with Internal EPROM 

- Cautions on operating a ROM writer 

- Option bit 

- Connections of a writing adaptor. 
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8-1-2 Cautions on Use 


EPROM Versions differs from the MN101C11* in some of its electrical 
characteristics. The user should be aware of these differences. 


(1) To prevent data from being erased by ultraviolet light after a program is 
written, affix seals impermeable to UV rays to the glass sections at the 
top and side sections of the CPU. 

(PX-AP101C11-SDC, PX-AP101C11-FBC) 


(2) Due to device characteristics of the MN101CP11XXxX, a writing test 
cannot be performed on all bits. Therefore, storage of the written data 
cannot be guaranteed in some cases. 


(3) When a program is written, verify that Vc power supply(6V) is connected 
before applying the Vpp power supply(12.5V). Disconnect the Vop 
supply before disconnecting the Vcc supply. 


(4) Vpp should never exceed 13.5V including overshoot. 


(5) If a device is removed while a Vpp of +12.5V is applied, device reliability 
may be damaged. 


(6) At CE=VIL, do not change Vpp from VIL to +12.5V or from +12.5V to 
VIL. 


(7) From the time after a program is written until just before mounting, 
storage at a high temperature is recommended. 





| Program/Read 


} 


High temperature storage 
125°C - 48H 


Read 


} 


Mounting 
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8-1-3 Erasing Written Data in Windowed Packages 
(PX-AP101C11-SDC, PX-AP101C11-FBC) 


In an internal EPROM with windowed packaging, data is erased("0" > "1") 
when UV light at 253.7nm permeates the window to irradiate the chip. 


The recommended exposure is 10W - s/cm?. This coverage can be achieved 
by using a commercial UV lamp positioned 2 to 3cm above the package for 
15-20 minutes(when the illumination intensity of the package surface 
is12000uW/cm?). Remove any filters attached to the lamp. By installing a 
mirrored reflector plate in the lamp, illumination intensity will increase by 
afactor of 1.4 to 1.8, decreasing the erasure time. 


If the window becomes dirty with oil, adhesive, etc., UV light permeability will 
decrease, causing the erasure time to increase considerably. If this 
happens, clean with alcohol or another solvent that will not harm the 
package. The recommended above provides sufficient leeway, with several 
times the amount of time it takes to erase all the bits. However, this value 
will reliably erase data over all temperature and voltage ranges, and should 
not be altered. The level of illumination should be regularly checked and the 
lamp operation verified. 


Erasure begins when EPROM is exposed to light with a wavelength shorter 
than 400nm. Since fluorescent light and sunlight have wavelengths in this 
range, exposure to these light sources for extended periods of time could 
cause inadvertant erasure. To prevent this, cover the window with an 
opaque label. 


Data is not erased at wavelengths longer than 400 to 500nm. However, 
because of typical semiconductor characteristics, the circuit may 
malfunction if the chip is exposed to an extremely high illumination intensity. 
The chip will operate normally if this exposure is stopped. However, for 
areas where it is continuous, take necessary precautions. 


8-1-4 Characteristics of EPROM Version 
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The MN101C11*(mask ROM version) and the Microcomputer with internal 


EPROM version have the following differences. 


Table 8-1-1 Difference between MN101C*(Mask ROM version) and 


Internal EPROM version) 


MN101C11* (ROM ver.) O 


Internal EPROM version OU 








Operating temperature} -49 to 15°C 0 


-20 to 85°C Q 














O 
4.510 5.5V (0.1p s/20MHz ) 4.5 to 5.5V (0.1 s/20MHz ) 
Operating voltage 2.7 to 5.5v (0.25 s/8MHz ) 2.7 to 5.5v (0.25u s/8MHz ) 
2.0 to 5.5v (1.00 s/2MHz ) 2.7 to 5.5v (1.00y s/2MHz ) 
Pin DC characteristics Output current,input current and input judge level are the same. 
Hi-speed, low-speed oscilla- pOMepten EEeMopon 





tion ial COnUG TNEWay Internal ROM final address data 
detection period settup be used as option data. 
race Seacron (Final address =X'07FFF) 











EPROM final address data be 
used as option data. 
(Final address=X'07F FF) 








There are no other functional differences. 
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8-1-5 Writing to Microcomputer with Internal EPROM 


@ Fit in the writing adapter and position the No.1 pin. 











No.1 pin must be matched to 
this position. 


*The socket of an adapter 
varies according to the 
package types. 




















Package type Product name 
42-SDIP OTP42SD-101CP11 
44-QFP OTP44QF14-101CP11 
48-QFH OTP48FH7-101CP11 
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No.1 Pin—__ 
































ars 
O 
[ 
OF 
. (MN101CP117DP) 
No.1 Pin 
Beara { 
(MN101CP117BF) (MN101CP117HP) 
(top view) 
No.1 Pin 
| 42.297 
1 0.127 
(PX-AP101C11-SDC) (top view) 


(PX-AP101C11-FBC) (side view) 


Figure 8-1-1 Mount on the writing adapter and position of No.1 pin. 
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@ ROM writer Selection 
The device names should be set up as listed below. 


Table 8-1-2 Device selection 

















Equip.name Vendor Device name Remarks 

Pecker30 Avarl Data Hitachi 27C256 

1890A Minato Electronics Hitachi 27C256 

Lab Site Data VO Hitachi 27C256 Do not run ID check and 
pin connection inspection. 





The above settings are based on the standard samples. 

When you use the other equipment than the ones listed, contact the 
nearest semiconductor design center.(Refer to the sales office table 
attached at the end of the manual.) 
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8-1-6 Cautions on Operating the ROM Writer 


@ Cautions on operating the ROM writer 


(1)The Vpp programming voltage for the EPROM versions is 12.5V. 
Programming with a 21-volt ROM writer can lead to damage. The ROM 
writer specifications must match those for standard 1-megabit 
EPROMS:Vpp=12.5V V;tpw=0.2ms. 

(2)Make sure that the socket adapter matches the ROM writer socket and 
that the chip is correctly mounted in the socket adapter. Faulty 
connections can lead to damage. 

(3)After clearing all memory of the ROM writer, load the program. 

(Write the data X'FF' on the address X'0000' to X'7FFF'.) 

(4)After confirming the device name, write the addresses from the start to 
the final address. 

(5)The option bits for supporting the mask option are prepared at the final 

ROM address. 


This writer has no internal ID codes of Silicon Signature and Intelligent 
Identifier of the auto-device selection command of ROM writer. If the 
auto-device selection command is to be executed for this writer, the 
device is likely damaged. Therefore, never use this command. 


@ When disabling the writing 


When disabling the writing, check the following points. 

(1)Check that the device is mounted correctly on the socket.(pin bending, 
connecting failure). 

(2)Check that the erase check result is no problem. 

(3)Check that the adapter type is identical to the device name. 

(4)Check that the writing mode is set correctly. 

(5)Check that the data is correctly transferred to the ROM writer. 

(6)Recheck the check points (1),(2) and (3) provided on the above 
paragraph of iCautions on Handling the ROM writert. 

When the writing is disabled even after the above check points are 

confirmed and the device is replaced with another one, contact the 

nearest semiconductor design center. 

(See the attached sales office table.) 
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8-1-7 Option Bit 


The MN101C0117 and the MN101CP117 control the oscillation mode after resetting 
as well as the runaway-detection watch dog timer, using bit 2 to 0 of the last address 
(X'7FFF) of the built-in ROM. 

H Option bit 


7 6 5 4 3 2 1 0 





PKGSEL2|PKGSEL1|WDSEL2|WDSEL1 |NSSTRT 







































































Selection of oscillation mode 0 
NSSTRT after resetting 0 
0 5 low mode 
1 NORMAL mode 
WDSEL2 |WDSEL1 | Watchdog timer cycle setting 
0 16 
0 Bee 
1 fs/2 
1 x fs/2”. 
PKGSEL2|PKGSEL1 Package 
0 X S DIP 042-P-0600 U 
1 0 QFP044-P-10100 
1 QFH048-P-0707 











Fig. 8-1-2 Option bit(Address: X'07FFF') 
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8-1-8 Writing Adapter Connection 


O 


VSS 
VSS 
VSS 
VCC 
VSS 
VSSQ 
A130 
A120 
A110 
A100 
A9U 
A&8U 
DOU 
D1 0 
D2 0 
D3 0 
D4 0 
D5 0 
D6 q 
D7 0 
VCC 








Oooo oO 








1 
2 
3 
4 
5 
6 
7 
8 
9 


UdIias-cyv 


LLLdILOLNIN 




















Package Code SDIP042-P-0600 


Fig. 8-1-3 MN1-1CP117-DP(DC)EPROM Writing Adapter Connections 


Refer to the pin connection drawing of the 256-bit 


EPROM(27C256). 
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1 P84 44B@e— D4 0 
P85 43—he—__D5 0 
P86 42e— D6 0 
P87 41B&e—_ D7 0 
P67 37Be—A70 
P66 366 A610 
P65 35He—A5 0 
P64 34}<—_ AA 




















D34—> <— A30 
D24—~> U <— A210 
D1 O <— A10 
DOa—~>| U <— AOU 
o he es 
None é ain ~MN101CP117 joa 
A10 0 44-QFPQ <—vppq 
A11 > o vssa 
A12 0 vssa 
A13 —>|10 vss 
VSS VSS 











VSS 
VDD 
VSS 
VSS 
VSS 
VSS 
VSS 
VSS 
NOE 
VSS 

A14 


Package code: QFP044-P-1010 


Pin pitch: 0.8mm 


Fig. 8-1-4 MN101CP117-BL(BC)EPROM Writing Adapter Connections 


Refer to the pin connection drawing of the 256-bit 
[7] EPROM(27C256). 
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D4q0 
D50 
Deu 
D7 0 
VDDQ 
vssq 
vssq 
VSSQ 
A7U 
A6U 
A5Q 
A4 





MN101CP117 
48-QFHO 


1 
2 
3 
4 
5 
6 
7 
8 








OOOO Og 

















Mm OO a 

NANNNN NnNnw Hn wT 
NANNHNNN NnNON TD 
SSS SSS SS Ss 


Package code: QFH048-P-0707 
Pin pitch: 0.5mm 


Fig. 8-1-5 MN101CP117-HP EPROM Writing Adapter connections 


Refer to the pin connection drawing of the 256-bit 
EPROM(27C256). 
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8-2 Instruction Set 


MN101C00 SERIES INSTRUCTION SET 





Mnemonic 


Data move instructions 


MOV 


Dn,Dm 


Operation 


Dn—Dm 


Affected FI 





1010 DnDm 


Machine Code 
6 7 


8 
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MOV 


imm8,Dm 


imm8—Dm 


1010 DmDm <#8. 





MOV 


Dn,PSW 


Dn—PSW 


1001 01Dn 





MOV 


PsW,Dm 


PSW>Dm 


0001 01Dm 





MOV 


(An),Dm 


mem8(An)—>Dm 


0100 1ADm 





MOV 


(d8,An),Dm 


mem8(d8+An)—>Dm 


0110 1ADm 


<d8. 





MOV 


(d16,An),Dm 


mem8(d16+An)—>Dm 


0110 1ADm 


<d16 





MOV 


(d4,SP),Dm 


8(d4+SP)—>Dm 


0110 01Dm 


<d4> 





MOV 


(d8,SP),Dm 


8(d8+SP)—>Dm 


0110 01Dm 


<d8. 





MOV 


(d16,SP),Dm 


0110 00Dm 


<d16 





MOV 


(i08),Dm 


8(IOTOP+i08) Dm 


0110 00Dm 


<io8 





MOV 


(abs8),Dm 


mem8(abs8)—Dm 


0100 01Dm 


<abs 





MOV 


(abs12),Dm 


( 
( 
( 
( 
8(d16+SP)—>Dm 
( 
( 
( 


mem8(abs12)—Dm 


0100 00Dm 


<abs 





MOV 


(abs16),Dm 


mem8(abs16)—Dm 


1100 00Dm 


<abs 





MOV 


Dn,(Am) 


Dn—mem8(Am) 


0101 


taDn 





MOV Di 


n,(d8,Am) 


Dn—mem8(d8+Am) 


0111 


taDn 


<d8. 





MOV 


Dn,(d16,Am) 


Dn—mem8(d16+Am) 


0111 


taDn 


<d16 





MOV 


Dn,(d4,SP) 


Dn—mem8(d4+SP) 


0111 


01Dn 


<d4> 





MOV 


Dn,(d8,SP) 


0111 


01Dn 


<d8. 





MOV 


Dn,(d16,SP) 


Dn—>mem8(d16+SP) 


0111 


00Dn 


<d16 





MOV 


Dn, (io8) 


Dn—mem8(IOTOP+i08) 


0111 


00Dn 


<io8 





MOV 


Dn, (abs8) 


Dn—mem8&(abs8) 


0101 


01Dn 


<abs 





MOV 


n,( 
( 
( 
( 
( 
( 
( 
( 


Dn, (abs12) 


( 
( 
( 
( 
Dn—mem8(d8+SP) 
( 
( 
( 
( 


Dn—mem8(abs12) 


0101 


00Dn 


<abs 





MOV 





Dn, (abs 16) 





Dn—»mem8(abs16) 


1101 


00Dn 


<abs 





MOV imm8,(io8) 


imm8—mem8(IOTOP+io8) 


0000 


0010 


<io8 





MOV immé,(abs8) 


imm8—»mem8(abs8) 


0001 


0100 


<abs 





MOV imm8,(abs12) 


imm8—mem8(abs12) 


0001 


0101 


<abs 





MOV immé,(abs16) 


imm8—>mem8(abs16) 


1101 


1001 


<abs 





MOV Dn,(HA) 


Dn—mem8(HA) 


1101 


00Dn 





MOVW (An),DWm 


mem16(An)>DWm 


1110 


00Ad 





MOVW (An),Am 


mem16(An)>Am 


1110 


10Aa 





MOVW (d4,SP),DWm 


mem16(d4+SP)>DWm 


1110 


011d 





MOVW (d4,SP),Am 


mem16(d4+SP)>Am 


1110 


010a 





MOVW (d8,SP),DWm 


mem16(d8+SP)—DWm 


1110 


011d 





MOVW (d8,SP),Am 


mem16(d8+SP)—Am 


1110 


010a 





mem16(d16+SP)DWm 


1110 


001d 





MOVW (d16,SP),Am 


mem16(d16+SP)—>Am 


1110 


000a 





MOVW (abs8),DWm 


mem16(abs8)DWm 


1100 


011d 





MOVW (abs8),A\ 


mem16(abs8) Am 


1100 


010a 





MOVW 


bs16),DWm 


( 
( 
( 
( 
( 
( 
( 
( 
( 
( 


mem16(abs16)3DWm 


1100 


011d 





MOVW 


( 
( 
( 
( 
( 
MOVW (d16,SP),DWm 
( 
( 
( 
(al 
( 


abs16),Am 


mem16(abs16)—Am 


1100 


010a 





MOVW 


DWn,(Am) 


DWn-mem16(Am) 


1111 


00aD 





MOVW 


An,(Am) 


An-»mem16(Am) 


1111 


10aA 





MOVW 


DWn,(d4,SP) 


DWn->mem16(d4+SP) 


1111 


011D 





MOVW 


An,(d4,SP) 


An—mem16(d4+SP) 


1111 


010A 





MOVW 


DWn,(d8,SP) 


DWn->mem16(d8+SP) 


1111 


011 





MOVW 


An,(d8,SP) 


An—mem16(d8+SP) 


1111 


010A 





MOVW 


DWn,(d16,SP) 


DWn->mem16(d16+SP) 


1111 


001D 





MOVW 


An,(d16,SP) 


An—mem16(d16+SP) 


1111 


000A 





MOVW 


DWn,(abs8) 


DWn->mem16(abs8) 


1101 


011D 





MOVW 


An,(abs8) 


An-»mem16(abs8) 


1101 


010A 





MOVW 


DWn,(abs16) 


DWn->mem16(abs16) 


1101 


011 





MOVW 


An,(abs16) 


An—mem16(abs16) 


1101 


010A 





MOVW 


DWn,(HA) 





DWn->mem16(HA) 


1001 





010D 





MOVW 


An,(HA) 


An—mem16(HA) 


1001 


O11A 





MOVW 


imm8,DWm 


sign(imm8)3DWm 


0000 


110d 





MOVW 


imm8,Am 


zero(imm8)>Am 


BLAM! M| NINA AL NIN] Olaf oalalalm Ni nN] al RI] N IN] of] ao] w/woloalm| ms) ol/Ni al a}/Ni[a al alnN|ajlolNn}aAlmM|N | ala, a] NN] ol olN} a} ml o}ol alr 


0000 


ita 








MOVW 


Note: "Page" refers to the corresponding page in the Instruction Manual. 


imm16,DWm 





imm16—DWm 

















fon) 





wWO/NY}|M/@OlwWlala|wolwl/alal;A! A; wl/wolAlal/alalwlalalal|A;aAlwalol/A;wl/rm|a|lwol/wlwolaAlrm)/rm/m/aAlolms/aA;mM/ mM} aAl mM] mM] mM] aA] o@l] mM] Alm} mM] mM] wo] nm] = 








1100 


111d 


*1 d8 sign extended 
*2  d4 zero extended 
*3  d8 zero extended 





«4 
45 
«6 








A=An, a=Am 
#8 sign extended 
#8 zero extended 
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MN101C00 SERIES INSTRUCTION SET 



































































































































































































































Group Mnemonic Operation Affected Flag |CodeCycle Re- Machine Code Notes|Pag 
VE|NF|CF|ZF|Size ‘peat Expand 1 2 3 4 5 6 7 8 9 10 11 
MOVW imm16,Am imm16>Am -|-|-/-| 6] 3 1101 111a <#H6 > 54 
MOVW SP,Am SP>Am -/|-|-|-|] 3] 3 0010 0000 100a 55 
MOVW An,SP An->SP -/|-|-|-|] 3] 3 0010 0000 101A 55 
MOVW DWn,DWm DWn>DWm -|/-/;|-|-| 3] 3 0010 1000 00Dd *1 | 56 
MOVW DWn,Am DWn>Am -/|-j;-|-| 3] 3 0010 0100 11Da 56 
MOVW An,DWm An>DWm -|-/-/-| 3] 3 0010 1100 11Ad 57 
MOVW An,Am An>Am =|-/-)-] 3) 3 0010 0000 00Aa *2 | 57 
PUSH PUSH Dn SP-1—SP,Dn—mem&(SP) -|/-/;-|/-]2]3 1111 10Dn 58 
PUSH An SP-2->SP,An—mem16(SP) -|/-/;-|/-|2]5 0001 011A 58 
POP POP Dn mem8(SP)->Dn,SP+1—SP -/|-|-|-|] 2] 3 1110 10Dn 59 
POP An mem16(SP)—An,SP+2SP |-|-|-|-| 2 | 4 0000 011A 59 
EXT EXT Dn,DWm sign(Dn)>DWm =) Sails: es 0010 1001 000d +3 | 60 
Arithmetic instructions 
ADD ADD Dn,Dm Dm+Dn>Dm @|@)@/ @| 3 | 2 | O | 0011 0011 DnDm 61 
ADD imm4,Dm Dm+sign(imm4)—Dm eieieie 3/2 1000 00Dm <#4> *6 | 61 
ADD imm8,Dm Dm+imm8—>Dm @e@ee@ee 4 2 0000 10Dm <#8.  ...> 62 
ADDC _|ADDC Dn,Dm Dm+Dn+CF->Dm @|@|@/@| 3 | 2 | O /0011 1011 DnDm 63 
ADDW |ADDW DWn,DWm DWm+DWn-DWm @|@'@/@; 3 | 3 | © | 0010 0101 00Dd *1 | 64 
ADDW DWn,Am Am+DWn->Am @'@\/@/e@| 3 | 3 | O | 0010 0101 10Da 64 
ADDW imm4,Am Am+sign(imm4)>Am eieie/e\3 | 2 1110 110a <#4> *6 | 65 
ADDW imm8,Am Am+sign(imm8)—>Am @e@eee 5) 3 0010 1110 110a <#8. ..> *7 |65 
ADDW imm16,Am Am-+imm16>Am @@ee@\e 7/4 0010 0101 Ol1a <#16 is 66 
ADDW imm4,SP SP+sign(imm4)—SP. -/|-|-|-| 3] 2 1111 1101 <#4> *6 | 66 
ADDW imm8,SP SP+sign(imm8)—SP -|-|-)-| 4] 2 1111 1100 <#8. > *7 | 67 
ADDW imm16,SP SP+imm16—SP -|-|-j)-| 7] 4 0010 1111 1100 <#16 oe 67 
ADDW imm16,DWm DWm+imm16>DWm @ejee@ee@7)4 0010 0101 010d <#16 fee 68 
ADDUW JADDUW Dn,Am Am+zero(Dn)>Am @|e@\'e@)'@) 3 | 3 | © /0010 1000 1aDn *8 | 69 
ADDSW |ADDSW Dn,Am Am+sign(Dn)>Am @|@;@/@) 3 | 3 | © | 0010 1001 1aDn 70 
SUB SUB Dn,Dm(when Dn#Dm) /Dm-Dn->Dm @|@;/@/@| 3 | 2 | © | 0010 1010 DnDm 71 
SUB Dn,Dn Dn-DnDn Oo;/o;o;1|2)1 1000 01Dn 71 
SUB imm8,Dm Dm-imm8—Dm @e\eee 5) 3 0010 1010DmDm <#8._ ...> 72 
SUBC SUBC Dn,Dm Dm-Dn-CF>Dm @|@|@/ @| 3 | 2 /° |0010 1011 DnDm 73 
SUBW |SUBW DWn,DWm DWm-DWn->DWm ee eee 3/3 0010 0100 00Dd «1 | 74 
SUBW DWn,Am Am-DWn>Am @eeee 3/3 0010 0100 10Da 74 
SUBW imm16,DWm DWm-imm16>DWm @e@ee@e7 |) 4 0010 0100 010d <#16 > 75 
SUBW imm16,Am Am-imm16>Am @eeee7)4 0010 0100 Ol1a <#H16 > 75 
MULU MULU Dn,Dm Dm*Dn-—DWk 0|/@e,e 3) 8 0010 1111 111D *4 | 76 
DIVU DIVU Dn,DWm DWm/Dn>DWm-l...DWm-h @ejeeeoe3|9 0010 1110 111d 5 | 77 
CMP CMP Dn,Dm Dm-Dn...PSW eiee\e 3/2 0011 0010 DnDm 78 
CMP. imm8,Dm Dm-immé...PSW eee e 4) 2 1100 00Dm <#8.  ..> 78 
CMP. imm8,(abs8) mem8(abs8)-imms...PSW @ eee 6) 3 0000 0100 <abs 8.> <#8. ..> 79 
CMP. immé,(abs12) mem8(abs12)-imms...PSW @eee 7) 3 0000 0101 <abs 12. .> <#8 .> 79 
CMP imm8,(abs16) mem8(abs16)-imms...PSW @e@ee@e9;5 0011 1101 1000 <abs 16. ... > #8 80 
CMPW) |CMPW DWn,DWm DWm-DWn...PSW @|\e@ ee 3/3 0010 1000 01Dd «1 | 81 
CMPW DWn,Am Am-DWn...PSW e eee 3) 3 0010 0101 11Da 81 
CMPW An,Am Am-An...PSW eieieie\ 3) 3 0010 0000 01Aa *2 | 82 
CMPW imm16,DWm DWm-imm16...PSW @ eee 6) 3 1100 110d <#16 > 82 
CMPW imm16,Am Am-imm16...PSW @\e@e/e@ 6) 3 1101 110a <#16 wD 83 
Logical instructions 
AND AND Dn,Dm Dm&Dn—Dm O;@)oj;@e; 3 | 2 0011 0111 DnDm 84 
AND imm8,Dm Dm&imm8—>Dm 0/@/0;@| 4 | 2 0001 11Dm <#8.  ..> 84 
AND imm8,PSW PSW&imm8—PSW @ee@e;e 5/3 0010 1001 0010 <#8. > 85 
OR OR Dn,Dm Dm|IDn>Dm 0;/@;/0;@| 3 | 2 0011 0110 DnDm 86 
OR imm8,Dm Dmlimm8—Dm 0;/@)0/;/@) 4) 2 0001 10Dm <#8.  ...> 86 
OR imm8,PSW PSWlimm8—>PSW @e\eee 5); 3 0010 1001 0011 <#8. > 87 
XOR XOR Dn,Dm Dm*Dn->Dm 0;/@j;oj;@; 3) 2 0011 1010 DnDm *9 | 88 
XOR imm8,Dm Dm‘imm8>Dm 0/@j)0;/@) 5] 3 0011 1010DmDm <#8. ...> 88 
Note: "Page" refers to the corresponding page in the Instruction Manual. #1 D=DWn, d=-DWm «5 D=DWm «9 men 
*2 A=An, a=Am *6 #4 sign extended 
*3 d=DWm *7 #8 sign extended 
*4 D=DWk *8 Dn zero extended 
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Notes|Page 














Bit manipulation instructions 





CF->Dn.msb,temp>CF 


VF|NF|CF|ZF Expand 1 10 «11 
NOT NOT Dn —DnDn @\o 0010 89 
ASR ASR_ Dn Dn.msb->temp,Dn.Isb->CF -|@/e 0011 90 
Dn>>1—Dn,temp—Dn.msb 
LSR LSR_ Dn Dn.Isb->CF,Dn>>1—Dn olojele 0011 91 
0—Dn.msb 
ROR ROR Dn Dn.Isb—temp,Dn>>1—Dn ojeiele 0010 92 























BSET (i08)bp mem8(IOTOP+io08)&bpdata...PSW 
1—mem8(IOTOP+i08)bp 
BSET (abs8)bp mem8(abs8)&bpdata...PSW Oje |Ole 1011 93 
1—mem8(abs8)bp 
BSET (abs16)bp mem8(abs16)&bpdata..PSW |0]e | 0/e 1100 94 
1—mem8(abs16)bp 
BCLR —_ |BCLR (io8)bp mem8(IOTOP+io8)&bpdata...PSW| 0 | | 0 |e 1000 95 
0—mem8&(IOTOP+i08)bp 
BCLR (abs8)bp mem8(abs8)&bpdata...PSW Oje |ole 1011 95 
0—mem8(abs8)bp 
BCLR (abs16)bp mem8(abs16)&bpdata...PSW |0/e | 0/e 1100 96 
0—mem8(abs16)bp 
BTST BTST imm8,Dm Dm&imms...PSW Oje |}Oje 0000 97 
BTST (abs16)bp mem8(abs16)&bpdata...PSW |0/¢ | 0/e¢ 1101 97 











Branch instructions 


PC+3+d4(label)+H>PC 
, PC+3-—PC 


1001 





PC+4+d7(label)+H—PC 
, PC+4—PC 


1000 





PC+54d11 (label)+H—>PC 
, PC+5—PC 


1001 





, PC+3+d4(label)+H-+>PC. 
, PC+3-—PC 


1001 





, PC+4+d7(label)+H-+>PC 
, PC+4—PC 


1000 








PC+54d11 (label)+H->PC 
if(ZF=1), PC+5PC 


1001 








if((VF*NF)=0),PC+4+d7 (label)+H-+PC 
if((VFANF)=1),PC+4PC 


1000 








if((VF°NF)=0),PC+5+d1 1 (label)+H-+PC 
if((VFANF)=1),PC+5PC 


1001 





if(CF=0),PC+4+d7 (label) +H—| 
if(CF=1), PC+4-PC 


1000 





if(CF=0), PC+5+d1 1 (label) +H 
if(CF=1), PC+5-PC 


1001 





if(CF=1),PC+4+d7 (label) +H! 
if(CF=0), PC+4-PC 


1000 














if(CF=0), PC+5—PC 


if(CF=1), PC+5+d1 1 (label)+H—>PC, 


1001 





if((VF°NF)=1),PC+44d7(label)+H-PC 
if((VF4NF)=0),PC-+4->PC 


1000 








if((VF*NF)=1),PC+54d1 1 (label) +HPC. 
if((VF*NF)=0),PC+5PC 


1001 





if(VF*NF)|2F=1),PC+4+d7(label)+H-2PC 
if((VFNF)|ZF=0),PC+4-PC 


1000 





if(VF*NF)|ZF=1),PC+54d1 (label) +H-3PC 
if((VFANF)|ZF=0),PC+53PC 


1001 

















Note: "Page" re 





if((VE*NF)|ZF=0),PC+5+d7 (label) +H—PC 











if((VF°NF)|ZF=1),PC+5PC 

















‘ers to the corresponding page in the Instruction Manual. 
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Group Mnemonic Operation Cycld Re- Machine Code Notes|Pag 
Size Expand 1 2 3 5 7. 9 10 11 
Boo BGT label if((VE*NF)|ZF=0),PC+64d1 1 (label)+H-3P-C! 6 | 3/4 0010 0011 0001 <d11 wwH 3 |107] 
if((VF*NF)|ZF=1),PC+6—>PC 
BHI label if(CFIZF=0),PC+5+d7 (label) +H-+PC 5 | 3/4 0010 0010 0010 <d7. *2 |108 
if(CFIZF=1), PC+53PC 
BHI label if(CFIZF=0),PC+6+d11 (label) +H+PC 6 | 3/4 0010 0011 0010 <d11 wwH +3 1108 
if(CFIZF=1), PC+63PC 
BLS label if(CFIZF=1),PC+5+d7 (label)+H-+PC 5 | 3/4 0010 0010 0011 <d7. *2 |109 
if(CFIZF=0), PC+53PC 
BLS label if(CFIZF=1),PC+6+d11 (label) +H+PC 6 | 3/4 0010 0011 0011 <d11 eH *3 |109 
if(CFIZF=0), PC+6-5PC 
BNC labe if(NF=0),PC+5+d7(label)+H3PC 5 |3/4 0010 0010 0100 <d7. 2/110 
if(NF=1),PC+53PC 
BNC label if(NF=0),PC+6+d1 1 (label)+H-PC 6 | 3/4 0010 0011 0100 <d11 H «3 [110) 
if(NF=1),PC+63PC 
BNS label if(NF=1),PC+5+d7/(label)+H3PC 5 | 3/4 0010 0010 0101 <d7. 2/111 
if(NF=0),PC+53PC 
BNS label if(NF=1),PC+6+d1 1 (label) +H-+PC 6 | 3/4 0010 0011 0101 <d11 H 3 111 
if(NF=0),PC+6PC 
BVC labe if(VF=0),PC+5+d7(label)+H=+PC 5 |3/4 0010 0010 0110 <d7. #2 (112) 
if(VF=1),PC+59PC 
BVC label if(VF=0),PC+6+d11 (label) +H3PC 6 |3/4 0010 0011 0110 <d11 wH 3 [119 
if(VF=1),PC+63PC 
BVS label if(VF=1),PC+5+d7(label)+H=+PC 5 |3/4 0010 0010 0111 <d7. #2 [113] 
if(VF=0),PC+53PC 
BVS labe if(VF=1),PC+6+d1 1 (label) +H3PC 6 |3/4 0010 0011 0111 <d11 H «3 [119] 
if(VF=0),PC+63PC 
BRA label PC+3+d4(label)+H-+PC 3 | 3 1110 111H <d4> «1/114 
BRA label PC+4+d7(label)+H=+PC 4/3 1000 1001 <d7. *2 (114) 
BRA label PC+5+d11(label)+H-+PC 5 | 3 1001 1001 <d11 eH «3 |115) 
CBEQ CBEQ imm8,Dm, label if(Dm=imm8),PC+6+d7(label)+H+PC. 6 | 3/4 1100 10Dm <#8. <d7. *2 |116 
if(Dm4imm8),PC+6PC 
CBEQ imm8,Dm, label if(Dm=imm8),PC+8+d1 1 (label)+H + PC 8 | 4/5 0010 1100 10Dm <#8. <d11 eH ¥3 [116 
if(Dm4imm8),PC+8PC 
CBEQ imm8,(abs8),label _ |if(mem8(abs8)=imm8),PC+9+d7 (label) +H—»PC| 9 |6/7 0010 1101 1100 <abs <#8. <d7....H *2 |117] 
if(mem8(abs8)¢imm8),PC+9->PC) 
CBEQ imm8,(abs8),label _/if{mem8(abs8)=imm8),PC+10+d1 1 (label)+H4PC 10 |6/7 0010 1101 1101 <abs <#8. <d11 wwH *3 1117] 
if(mem8(abs8)4imm8),PC+10-PC 
CBEQ imm8,(abs16),label_|if(mem8(abs16)=imm8),PC+11+d7(label)+H+PC 11 | 7/8 0011 1101 1100 <abs <H#8. > <d7. .H *2 1118 
if(mem8(abs16)4imm8),PC+11>PC 
CBEQ imm8,(abs16),label _ |if(mem8(abs16)=imm8),PC+12+d1 1(label)+H-PC 12 | 7/8 0011 1101 1101 <abs #8. w> <di1 oo... HH | #3 )118) 
if(mem8(abs16)4imm8),PC+12PC 
CBNE CBNE imm8,Dm, label if(Dm4imm8),PC+6+d7 (label) +H-PC 6 | 3/4 1101 10Dm <#8. <d7. *2 |119) 
if(Dm=imms8),PC+6>PC 
CBNE imm8,Dm, label if(Dm¢imm8),PC+8+d1 1 (label)+H-PC 8 | 4/5 0010 1101 10Dm <#8. <d11 aH *3 |119} 
if(Dm=imm8),PC+8-—PC 
CBNE imm8,(abs8),label _ |if(mem8(abs8)¢imm8),PC+9+d7 (label) +H-»PC| 9 |6/7 0010 1101 1110 <abs <#8. <d7. .H *2 |120) 
if(mem8(abs8)=imm8),PC+9->PC) 
CBNE imm8,(abs8),label __|if(mem8(abs8}4imm8),PC+10+d1 1 label)+H-+PC 10 | 6/7 0010 1101 1111 <abs <#8. <d11 ns ¥3 [120] 
if(mem8(abs8)=imm8),PC+10-PC 
CBNE imm8,(abs16),label /if{mem8(abs16)¥imm8),PC+11+d7(label)+H3PC. 11 | 7/8 0011 1101 1110 <abs <H#8. > <d7. .H *2 1121 
if(mem8(abs16)=imm8),PC+11—>PC 
CBNE imm8,(abs16),label /if(mem8{abs16)4imm8),PC+12+d1 (label) +H3PC 12 | 7/8 0011 1101 1111 <abs #8. > <di1 ow. WH J #3 [121 
if(mem8(abs16)=imm8),PC+12—PC, 
TBZ TBZ (abs8)bp, label if(mem8(abs8)bp=0),PC+7+d7(label)+H+PC 7 |6/7 0011 0000 Obp. <abs <d7. *2 (122) 
if(mem8(abs8)bp=1),PC-+7—PC 
TBZ (abs8)bp,label if(mem8(abs8)bp=0),PC+8+d1 1 (label) +H-3PC 8 | 6/7 0011 0000 ‘bp. <abs <d11 aH ¥3 [122] 
if(mem8(abs8)bp=1),PC+8—PC| 





Note: "Page" refers to the corresponding page in the Instruction Manual. 
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Group 


Mnemonic 


Operation 


Affected FI 


ag 





VF|NF|CF 


ZF 


dal 


Re- 
peat 


Expand 1 


2 


Machine Code 
4 5 6 7 


8 


9 10 


Notes|Pag 
1 








TBZ 


TBZ (io8)bp, label 


iffmem8 (OTOP i08}bp-0) PC+7+d7 (abel sH-9PC 
if(mem8(IOTOP+io8)bp=1),PC+7-3PC 


0/@)\0 


6/7 


0011 


0100 


Obp. 


<io8 


a> <d7. .H 


1 1123 





TBZ (io8)bp, label 


iffmem8((OTOPsio8)bp=0) PC+8+d1 (abel sH-9PC 
if(mem8(IOTOP+io8)bp=1),PC+8-PC. 


6/7 


0011 


0100 


(bp. 


<io8 


w> <1 2.0 .H 


*2 |123 





TBZ (abs16)bp,label 


if(mem8(abs16)bp=0),PC+9+d7 (label)+H-PC 
if(mem8(abs16)bp=1),PC+9-PC| 


7/8 


0011 


1110 


Obp. 


<abs 


16... > <7. 


wH 


a1 [124 





TBZ (abs16)bp,label 


(mem8(abs16)bp=0),PC+10+d1 1 (label)+H-4PC 
if(mem8(abs16)bp=1),PC+10-—PC 


10 


7/8 


0011 


1110 


1bp. 


<abs 


16. a> <d11 


wH 


#2 |124 





TBNZ 


TBNZ (abs8)bp, label 


if(mem8(abs8)bp=1),PC+7+d7(label)+H-»PC 
if(mem8(abs8)bp=0),PC+7>PC 


6/7 


0011 


0001 


Obp. 


<abs 


<d7. ..H 


a1 |125) 





(TBNZ (abs8)bp, label 


if(mem8(abs8)bp=1),PC+8+d1 1(label)+H-+PC 
if(mem8(abs8)bp=0),PC+8—PC 


6/7 


0011 


0001 


bp. 


<abs 


<d11 


*2 |125 





TBNZ (i8)bp,label 


(mem8(io)bp=1),PC+7+d7(label)+H+PC 
(mem8(io)bp=0),PC+7—PC 


6/7 


0011 


0101 


Obp. 


<io8 


w>  <d7. ..H 


a1 |126| 





TBNZ (io8)bp,label 


if(mem8(io)bp=1),PC+8+d1 (label) +H-3PC 
(mem8(io)bp=0),PC+8-—PC 


6/7 


0011 


0101 


1bp. 


<io8 


ae S017: ac: cH 


*2 |126 





TBNZ (abs16)bp, label 


if(mem8(abs16)bp=1),PC+9+d7(label)+H-PC| 
(mem8(abs16)bp=0),PC+9-PC 





7/8 


0011 


1111 


Obp. 


<abs 


16.. > <d7. 


eH 


«1 |127 





TBNZ (abs16)bp, label 








if(mem8(abs16)bp=1),PC+10+d1 1 label)+H+PC 
if(mem8(abs16)bp=0),PC+10-PC 


10 


7/8 


0011 


1111 


1bp. 


<abs 


16.. a> <d11 


aH #2 


127 





JMP 


JMP_ (An) 


0-PC.17~16,AnPC.15~0,0-PC.H 


0010 


0001 


O0AO 


128 





JMP __ label 


abs18(label)+H—PC 


0011 


1001 


QaaH 


<abs 


18.b p15~- 


*5 |128 





JSR 





JSR (An) 


SP-3-9SP,(PC+3).bp7~0-smem8(SP) 
(PC+3).bp15~8—mem8(SP+1) 
(PC+3).H->mem8(SP+2).bp7, 
0—mem8(SP+2).bp6~2, 
(PC+3).bp17~16-mem8(SP+2).bp1~0 
0PC.bp17~16 
An-PC.bp15~0,0-PC.H 


0010 


0001 


00A1 


129 








JSR label 


SP-3-SP,(PC+5).bp7~0->mem8(SP) 
(PC+5).bp15~8—mem8(SP+1) 
(PC+5).H>mem8(SP+2).bp7, 
0—mem8(SP+2).bp6~2, 
(PC+5).bp17~16-mem8(SP+2).bp1~0 
PC+5+d12(label)+H—PC 


0001 


000H 


<d12 


*3 1129 





JSR label 


SP-3-SP,(PC+6).bp7~0->mem8(SP) 
(PC+6).bp15~8-mem8(SP+1) 
(PC+6).H->mem8(SP+2).bp7, 
0—mem8(SP+2).bp6~2, 
(PC+6).bp17~16-mem8(SP+2).bp1~0 
PC+6+d16(label)+H—PC 


0001 


001H 


<d16 


+4 |130 





JSR label 


SP-3-9SP,(PC+7).bp7~0-smem8(SP) 
(PC+7).bp15~8-mem8(SP+1) 
(PC+7).H>mem8(SP+2).bp7, 
0—mem8(SP+2).bp6~2, 
(PC+7).bp17~16-mem8(SP+2).bp1~0 
abs 18(label)+H-PC 


0011 


1001 


taaH 


<abs 


18.6 p15~ 0.> 


*5 |130 





USRV (tbl4) 


SP-3-SP,,(PC+3).bp7~0-smem8(SP) 
(PC+3).bp15~8—mem8(SP+1) 
(PC+3).H>mem8(SP+2).bp7 
0—mem8(SP+2).bp6~2, 
(PC+3).bp17~16-mem8(SP+2).bp1~0 
mem8(x'004080+tbl4<<2)-»PC.bp7~0 
mem8(x'004080+tbl4<<2+1)-»PC.bp15~8 


mem8(x'004080+1bl4<<2+2).bp7-9PC.H 


mem8(x'004080+tbl4<<2+2).bp1~0— 
PC.bp17~16 


11114 


1110 


<t4> 


131 








PC+2—PC 


























Note: "Page" refers to the corresponding page in the Instruction Manual. 





0000 


0000 





«1 
#2 
«3 
«4 








d7 sign extended 
d11 sign extended 
d12 sign extended 
d16 sign extended 
aa=abs18.17-16 
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Group Mnemonic Operation Flag Codefflycle Re- Machine Code Notes|Pag 
VE|NFICFIZF|Size peat} Expand 1 2 3 4 5 6 7 8 9 10 11 
Q ft] a oago0a0 Q o o a Q O i} o a O i} a Q 
mems8(SP)>(PC).bp7 ~ 0 -@-0- 0-02 |7 0 0000 0001 O OF GO a dg 
a a mem8(SP+1)>(PC).bp15~80 }O }O}o} 0 o o o a o o o 0 
o a mem8(SP+2).bp7>(PC).H O }O/O}o} 0 o o o a o o o O 
Q O mem8(SP+2).bp1~0->(PC).bp17~)/O}o}o) 0 o O o qo Q a a O 
a a SP+35SP o/ojojo}]da o o o a o i} a O 
RTI RTI mem&(S P)>PSW e fe fe fe 2 ) 11 O 0000 0011 O Q O O 0 a O O O 134 
a ft] mem&(SP+1)>(PC).bp7~OO}O)/o}o}] O o o Oo O a O O 0 Q O O O 
o a mem&(SP+2)>(PC).bp15~80)0/o0)0} 0 a a o O a Oo o 0 a o O O 
a i mem8(SP+3).bp7>(PC).H Ofo]ojo} d o ogo OF O OO oO OD OO oO QO o 
o i] mem8(S P+3).bp1~0->(PC).bp17~f;O)O}o} O o a o O o o o 0 a a O O 
a a mem8&(S P+4) > HA-I ojo;ojaj| a o a o 0 a O O o a O O O 
a ft] mem8(S P+5)>HA-h ojof;ojoj} a o a O 0 a O O 0 Q O O O 
i} a SP+6>SP ojof;ojaj a o a O O a O Q O a O O O 
Control instruction a oo oa 0 a Q a a O dg a a O a a O O 
REP imm3 imm3> RPC 0010 0001 ‘rep O i} 
Note: "Page" refers to the corresponding page in the Instruction Manual. *1 Number of repeats is 0 when imm3=0. 
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1st nibble\2nd nibble 


MOV #8,(i08) CMP #8,(abs8)(abs12) | POP An ADD #8,Dm MOVW #8,DWm MOVW #8,Am 





JSR d16(label) 








MOV #8,(abs8)(abs12) | PUSH An 








OR #8,Dm 








When the extension code is b'0010' 





When the extension code is b'0011' 





MOV (abs12),Dm 


MOV (abs8),Dm 


MOV (An),Dm 





MOV Dn,(abs12) 


MOV Dn,(abs8) 


MOV Dn,(Am) 





MOV (io8),Dm 


MOV (d4,SP),Dm 


MOV (d8,An),Dm 





MOV Dn,(io8) 


MOV Dn,(d4,S P) 


MOV Dn,(d8,Am) 





ADD #4,Dm 


SUB Dn,Dn 


BGE d7|BRA d7 


BEQ d7 


BNE d7 


BCC d7|BCS d7 


BLT d7 |BLE d7 





BEQ d4 BNE d4 








MOVW DWn,(HA)| MOVW An,(HA) 








BGE d11|BRA d11 








BEQdt1 





BNE d11 





BCC d11}BCS d11 





BLT d11|BLE d11 











MOV Dn,Dm/ MOV #8,Dm 





BSET (abs8)bp 


BCLR (abs8)bp 





CMP #8,Dm 


MOVW (abs8),Am 


MOVW (abs8),DWm 


CBEQ #8,Dm,d7 


CMPW #16,DWm 


MOVW #16,DWm 





MOV Dn,(HA) 


MOVW An,(abs8) 


MOVW DWn,(abs8) 


CBNE #8,Dm,d7 


CMPW #16,Am 


MOVW #16,Am 





MOVW (An),DWm 


MOVW (d4,SP),Am 


MOVW (d4,5P),DWm 


POP Dn 


ADDW #4,Am 


BRA d4 





0 |MOVW An,Am 


MOVW DWn,(Am) 


Extension code: b'0010' 
2nd nibble\3rd nibble 
0 1 2 3 








MOVW An,(d4,S P) 





CMPW An,Am 


MOVW DWn,(d4,5P) 





PUSH Dn 


MOVW SP,Am |MOVW An,SP 





ADDW #8,SP} ADDW #4,5P 





BTST #8,Dm 








JSR (A0)|J MP (A1)|J SR (A1) 


MOV PSW,Dm 


REP #3 





BGT d7|BHId7 |BLS d7 


BNC d7|BNS d7 


BVC d7|BVS d7 


NOT Dn 


ROR Dn 





BGT d11|BHId11 |BLS d11 








BNC d11]BNS d11 





BVC d11|BVS d11 





ASR Dn 


LSR Dn 








SUBW DWn,DWm 


SUBW #16,DWm| 


SUBW #16,Am 


SUBW DWn,Am 


MOVW DWn,Am 





ADDW DWn,DWm 


ADDW #16,DWm 


ADDW #16,Am 





ADDW DWn,Am 


CMPW DWn,Am 








MOV (d16,SP),Dm 


MOV (d8,SP),Dm 


MOV (d16,An),Dm 





MOV Dn,(d16,S P) 


MOV Dn,(d8,S P) 


MOV Dn,(d16,Am) 





MOVW DWn,DWm (NOPL @n=m) 


CMPW DWn,DWm 


ADDUW Dn,Am 





EXT Dn,DWm {AND #,PSW OR #8,PSW 








MOV Dn,PSW 





ADDSW Dn,Am 








SUB Dn,Dm/SUB #8,Dm 





SUBC Dn,Dm 





MOV (abs16),Dm 


MOVW (abs16),Am} MOVW (abs16), DWm| 


CBEQ #8,Dm,d12 


MOVW An,DWm 





MOV Dn,(abs16) 


MOVW An,(abs 16) 


MOVW DWn,(abs16 


CBNE #8,Dm,d12 


CBEQ #8,(abs8),d7/d11 


CBNE #8,(abs8),d7/d11 





MOVW (d16,SP),Am 


MOVW (c16,SP), DWm| 


MOVW (d8,SP),Am 


MOVW (48,5 P), DWm| 


MOVW (An),Am 


ADDW #8,Am 


DINU 





MOVW An,(d16,S P) 





MOVW DWn,(d16,5P) 








MOVW An,(d8,S P) 








MOVW DWn,(d8,S P 





MOVW An,(Am) 








MULU 
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Extension code: b'0011' 
2nd nibble\3rd nibble 


0 0 1 2 


TBZ (abs8)bp,d11 





TBNZ (abs8)bp,d7 





TBNZ (abs8)bp,d11 





CMP Dn,Dm 





ADD Dn,Dm 





TBZ (io8)bp,d7 


TBZ (i08)bp,d11 





TBNZ (i08)bp,d7 





TBNZ (i08)bp,d11 





OR Dn,Dm 





AND Dn,Dm 





BSET (io8)bp 


BCLR (io8)bp 





J) MP abs18(label) 





JSR abs18(label) 





XOR Dn,Dm/XOR #8,Dm 





ADDC Dn,Dm 





BSET (abs16)bp 


BCLR (abs16)bp 





BTST (abs16)bp 


cmp #8 (abs16)| mov #8 (abs 16) 








ICBEQ #8,(abs16),d7/11 





KCBNE #8,(abs16),d7/11 








TBZ (abs16)bp,d7 


TBZ (abs16)bp,d11 





TBNZ (abs16)bp,d7 
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Bit Symbol 
Address Register Reference O 
Bit 7 Bit 6 Bit5 Bit 4 Bit 3 Bit 2 Bit 1 BitO page 0 
STOP HALT OSsC1 Osco re: 
X' 3F00'| a CPUMQO Mustbe setO) STOP O HALT 0 Watt LSI Manual 0 
o'0"D Oscillation control 
transfer requestansfer reques O 
Iow1 IOwo IVBA q 0 IRWE fs 
' ' MEMCTR O 0 
X' 3F01"| 0 10 bus wait value set _ [Spetiestaseacdess : 
ofirteruptvectortable 
WDEN 
xX’ 3F02'| 0 WDCTRO Watchdog p 4 "so 
timer table 
DLYS1 DLYSO 
X'3F03'} 0 DLYCTRO Sets oscillation 0 9 
stabilization wait period 
X'3FOE’|O  EXABV + 
POOUT6 POOUT2 | POOUT1 | POOUTO 
' Y POOUT 0 
ver |e Port 0 output Ne 
P10UT4) P10UT3 | P10UT2 | P10UT1 | P1OUTO 














' ' P10OUT O 
Saris Port 1 output hans 








P2OUT7 


' ' P2OUT 0 41,45 
ere a Port 2 output 











X' 3F 13’ | 0 Disablestto use aed 





X' 3F14'| ODisableslto use “4 





X' 3F15'| Disables4o use _ 





P6O0UT7| P60UT6| P60UT5 | P60UT4 | P60UT3 | P60UT2 | P60UT1 | P6Q0UTO 

















































































































' ‘} gq P6OUTO 41,45 
alla Port 6 output 
P7OUTO 
X'3F17'| g P7OUTO Port7o]/ 41,45 
output 
P80UT7| P8OUT6| P8OUT5 | P80UT4| P8OUT3 | P8OUT2 | P8OUT1 | P8OUTO 
! Hey P80UT O 
Rarve? | i Port 8 output one 
X' 3F1F’| QDisablesito use = 
POIN6 POIN2 POIN1 POINO 
'3F20° POINO 41,45 
paleo a Port 0 input 
P1IN4 P1IN3 P1IN2 P1IN1 P1INO 
3F21' P1ING 41,45 
mere Port 1 input 
P2IN2 P2IN1 P2INO 
X' 3F22') O P2INQ . 41,45 
Port 2input 





























X' 3F23' | Disablés fo use =< 
O 
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Bit Symbol 
Address Register ; : ; ; ; ; ; ; Reference O 
Bit 7 Bit6 Bit5 Bit 4 Bit3 Bit 2 Bit 1 BitO Page 
X' 3F24' | ODisables to use _ 
X' 3F25'| DDisables to use = 
P6IN7 P6ING6 P6IN5S P6IN4 P6IN3 P6IN2 P6IN1 P6INO 
X' 3F26' | 0 41,45 
Pen Port 6 input 
P7INO 
X'3F27' |0 P7IN Port70 41,45 
input 
P8IN7 P8IN6 P8IN5 P8IN4 P8IN3 P8IN2 P8IN1 P8INO 
X' 3F28’| O P8INO Port 8 input 41,45 
PAIN7 PAING PAINS PAIN4 PAIN3 PAIN2 PAIN1 PAINO 
X' 3F2A’| O PAINO 41,45 
Port A input 
PODIR6 PODIR2 | PODIR1 | PODIRO 
' k PODIR U 41,45 
abet) 0 Port 0 V/O direction control 
P1DIR4 | P1DIR3 | P1DIR2 | P1DIR1 | P1DIRO 
fore i BOGE Port 1 I/O direction control aces 
X' 3F33’ | ODisables to use — 
X' 3F 34’ | GDisables to use — 
X' 3F35' | ODisables to use = 
P6DIR7 | P6DIR6 | P6DIRS | P6DIR4 | P6DIR3 | P6DIR2 | P6DIR1 | P6DIRO 
' ’ 41,45 
pares |'a PGDIR Port 6 YO direction control 
P7DIRO 
X' 3F37'| O P7DIR Port7 LOU 41,45 
irection control 
P8DIR7 | P8DIR6 | P8DIR5 | P8DIR4 | P8DIR3 | P8DIR2 | P8DIR1 | P8DIRO 
oreo ie eeor Port 8 YO direction control ange 
P14TCO |P13TCO |P12TCO P10TCO 
i ' 41,46 
hares) 0 is V/O port pecial function pin control 
PAAINS | PAAIN4 | PAAIN3 | PAAIN2 | PAAIN1 | PAAINO 
: : PAIMD 41,46 
al V/O port/S pecial function pin control 
X' 3F3C'| ODisables to use = 
POPLU6 POPLU2 | POPLU1 | POPLUO 
‘ : POPLU 41,45 
el Port 0 pull-up resistor ON/OFF control 
P1PLU4 | P1PLU3 | P1PLU2 | P1PLU1 |) P1PLUO 
: : P1PLU 42,45 
neers Port 1 pull-up resistor ON/OFF control 
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Bit Symbol 
nodes Bae! Bt7 | Bite | Bits | Bita | Bits | Bit2 | Bit1 Bit O pti : 
P2PLU2 | P2PLU1 | P2PLUO 
A Bree | 2D peek Port 2 pull-up resistor ON/OFF contro meas 











X' 3F 43’ | ODisables to use = 





X' 3F44' | ODisables to use —_ 








X' 3F45' | ODisables to use = 





P6PLU7 | P6PLU6 | P6PLUS5 | P6PLU4 | P6PLU3 | P6PLU2 | P6PLU1 | P6PLUO 


X'3F46';0 P6PLU ; 42,45 
Port 6 pull-up resistor ON/OFF control 


























P7PLUDO 


X'3F47’' |0O =p7PLupD Port pulkup pull down 42,45 
fesistor ONOFF contol 








P8PLU7 | P8PLU6 | P8PLUS | P8PLU4 | P8PLU3 | P8PLU2 | P8PLU1 | P8PLUO 


: : P8PLU 
selre Ve Port 8 pull-up resistor ON/OFF control ae ae 




















PAPLUD7|PAPLUD6|PAPLUDS|PAPLUD4/|PAPLUD3)PAPLUD2)PAPLUD1| PAPLUDO 


X'3F4A’| 0 PAPLUD ; 42,45 
PortA pull-up pull-down resistor ON/OFF control 








P21M |PARDWN|P7RDWN 






































X' 3F4B’ |g FLOAT1 P21inpt PortA pullp* /Bort7 pullup"|0 42 , 46 
mode selection pulldown sel.| pulldown sel. 
X' 3F4c’ | ODisables to use _ 
SCOCEO | SCOCE1| SCODIR | SCOSTE |SCOLNG2|SCOLNG1/SCOLNGO 
X'3F50'|0 SCOMDO Receive data input edge O] Startbisetup [/Synchroungu serial[0 “a Faneter bibcount 108 


[Transmit data output edge fortansmit startedida select 





SCOCKM| SCOCK1| SCOQKO SCOBRKF SCOERE | SCOTRI 


X'3F51' | 0 SCOMD1 sf i 
Select 1/8 period IC lock source selection | Bek satu 4 ror monitor FYanseC interup 0 bo 
rec. monitor request flag 








f 
5 COURRKE SCOFM1 | SCOFMO | SCOPM1 | SCOPMO | SCONPE 






































X' 3F52' | : F 110 
SeOnbe pelokanate Specifies frame mode Specifies added bit hg q 
SCOIOM |SCOSBOM|SCOSBTM|SCOSBOS | SCOSBIS | SCOSBTS 
X"3F53'|0 = scomD3 SBIOSBOOP SBOOpind) SelectSBT fSelectSB0 ticontosBliselectsBToH = 141 
in connection selection | pin format] pin functionO input pin function 
SCOBSY | SCOCMD SCOFEF SCOBEK SCOORE 
X'3F54'|0 SCOCTR Status of 0 Selectsync. 0 Detectfaming 1 Detect party 0} Detectoverun 112 
serial bus | seroalUART enor enor enor 
SCOTRB7 |SCOTRB6 |SCOTRB5|S COTRB4/SCOTRB3|S COTRB2 |S COTRB1 |S COTRBO 
Mates |. 2 CUIRe Serial interface 0 transmit/receive shift register Way 
SCORXB7|SCORXB6|S CORXB5 |S CORXB4 [S CORXB3 S CORXB2 |S CORXB1 SCORXBO 



































: lg 107 
meree SCORXB Serial interface 0 receive data buffer 





X' 3F57' | ODisables to use 














X' 3F58’ | UDisables to use 7 
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Bit Symbol 
i Reference 
BaCIESS ReSeir Bit 7 Bit 6 Bit S Bit 4 Bit3 Bit 2 Bit 1 Bit 0 page 
X'3F59’ | UDisables to use _ 
X'3F5A’ | UDisables to use = 
X'3F5B’ | UDisables to use — 
X'3F5C’ | ODisables to use — 
X'3F5D' | ODisables to use --- 
X'3F60' | Upisables to use —_ 
X'3F61' | Disables to use o-d 
TM2B€7 |TM2BC6 | TM2BC5 | TM2BC4| TM2BC3| TM2BC2 | TM2BC1 | TM2BCO 
X'3F62' TM2BC O ; U 82 0 
a Q Binary coynter2 q 
O TM3BC7 | TM3BC6 | TM3BC5 | TM3BC4 | TM3BC3 | TM3BC2 | TM3BC1 | TM3BCO 
X'3F63' |0 = TM3BC 0 ; 82 
qo Binary coynter3 q 
O TM4BICL7|TM4BCL6| TM4BCL5) TM4BCL4/TM4BCL3| TM4BCL2/TM4BCL1) TM4BIC LO 
X'3F64’ | o 83 
TM4BCL Binary counter 4 ( Lower 8 bits ) 0 
: mee TM4BCH7/T M4BCH6/T M4BCH5|T M4BCH4|T M4BCH3)T M4BC H2!T M4BCH1|T M4BCHO 
X'3F65’ |0 TM4BCH 83 
Binary counter4 (Upper 8 bits ) O 
: , TMA4ICL7 | TM4ICL6 | TM4ICL5 | TM4ICL4 | TM4ICL3 | TM4ICL2 |TM4ICL1 | TM4ICLO 
X'3F 66 TM4ICL 84 
Input capture register ( Lower 8 bits ) 0 
TM4ICH7 | TM4ICH6 |TM4ICHS5 |TM4IC H4 | TM4ICH3 |TM4ICH2 |TM4ICH1 | TM4IC HO 
X'3F67" TMAICH ; ‘ 84 
Input capture reigster(Upper 8 bits) 
TM5BC7 | TM5BC6 | TM5BC5 | TM5BC4 | TM5BC3 | TM5BC2 | TM5BC1 | TM5BCO 
X'3F68'|0 TMSBC a ae 
Binary coufiter 5 
X'3F70' | UDisables to use -O 
X'3F71' | ODisables to use -O 
TM20C7 | TM20C6 | TM20C5 | TM20C4 | TM20C3 | TM20C2 | TM20C1 | TM20C0 
X'3F72' | 0 82 
TMeoe Compare register 2 
TM30C7 | TM30C6 | TM30C5 | TM30C4 | TM30C3 | TM30C2 | TM30C1 | TM30CO 
X'3F73' |0 TM30C : 82 
Compare register 3 
TM40CL7|TM40CL6)TM40CL5|TM40CL4| TM40CL3) TM40CL2| TM40CL1|TM40CLO 
X'3F74’ |0 TM40CL 83 
Compare register 4 ( Lower 8 bits ) 0 
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Bit Symbol 
i Reference 0 
Address Register Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 Page 
X' 3FE0' | O Disables to use 4 
; sills WDIR 
X"3FE1' | O NMICR Watchdog interuptfl 34 
request fag 
IRQOLV1 | IRQOLVO | REDGO IRQOIE | IRQOIR 
X" 3FE2' IRQOICR Interrup level flag for 0 | Extemal interupt{] Interrupt | Interrupt 0 34 
extemal interrupt 0 valid edge flag 0 enable flag {| request flag 
IRQILV1]IRQILVO| REDG1 IRQTIE IRQUR 
X' 3FE3’ IRQUICR Intenuptlevel flag 0 | Extemal interrupt Interrupt 0} = Interrupt 34 
for extemal interrupt | _valud edge flag 0 enable flag (| request flag 
0 O 
X' 3FE4’' | g Disables to use _ 
X' 3FE5’ | g Disables to use — 
TM2LV1 | TM2LVO TM2IE TM2IR 
X' 3FE6’ TMZICR Interupt level fll for 0 Interupt O| Interrupt 0 35 
timer 2 interrupt enable flag [| request flag 
TBLV1 | TBLVO BE TBIR 
X' 3FE7'| O TBICR Interrupt level flag for O Interrupt 0} Interrupt 0 35 
time base interrupt enable flag [| request flag 
SCQ@DV1} SCOLVO S COLE SCOIR 
X' 3FE8’ SCOICR Interrupt level flag for 0 Interup 0 | = Interrupt 0 35 
serial 0 interrupt 0 enable flag | request flag 4 
o 
X' 3FE9' | [Disables to use _ 
ADIN 1 ADBVO ADIE ADIR 
X'3FEA’) U ADICR Intertup level flag for 0 Interrupt O} = Interrupt 0 35 
A/ interrupt 0 enable flag [| request flag 
IRQ2LV1| RQ2LVO| REDG2 IRQ2IE | IRQHIR 
X'3FEB’) O IRQZ2ICR Interuptlevel flag 0 | Extemal interrupt Interup O| Interrupt 0 cs 
for external interrupt valid edge flag enable flag [| request flag 
X'3FEC’| 0 IRQ3ICR g — 
X' 3FED’| ODisables to use _ 
TMBIE 
X'3FEE'| 0 TMB3ICR Interrupt level flag 0 Interrupt 0) Interrupt 0 35 
for timer 3 interrupt enable flag | request flag 
TM4IE 
X' 3FEF’ TMA4ICR Interrupt level flag 0 Interupt0| Interrupt 0 35 
for timer 4 interrupt 0 enable flag | request flag 
: TMSIE 
X'3FFO']}O  TMSICR Interrupt level fag 0 Interrupt 0} Interrupt 0 35 
for timer 5 interrupt 0 enable flag | request flag 
X' 3FF1' | gDisables to use = 
X' 3FF2’ | 0 Disables to use — 
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Bit Symbol 
i Reference 0 
Address al Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 Page 
X' 3FE0' | O Disables to use 4 
WDIR 
X’ 3FE1' | O NMICR Watchdog ntemuptl 34 
request flag 
IRQOLV1 | IRQOLVO | REDGO IRQOIE | IRQOIR 
X'3FE2') 0 IRQOICR Interup level flag for 0 | Extemal interrupt] Interupt0 | Interrupt 0 34 
extemal interrupt 0 valid edge flag 0 enable flag [| request flag 
IRQILV1 | IRQILVO| REDG1 IRQUIE IRQUIR 
X'3FE3'| 0 IRQUICR Interrupt level fag 0 | Extemal interrupt Interupt O| — Interrupt 34 
for extemal interrupt _| _valud edge flag enable flag request flag 
0 o 
X' 3FE4’ | g Disables to use — 
X' 3FE5’ | ODisables to use _ 
TM2LV1 | TM2LVO TMZ2IE TM2IR 
X'3FE6'| 0 TMRICR Interrupt level lig for 0 Interrupt 0] Interrupt 0 35 
timer 2 interrupt enable flag | request flag 
TBLV1 | TBLVO ele TBIR 
X' 3FE7'| O TBICR Interrupt level flag for 0 Interrupt 0) Interrupt 0 35 
time base interrupt enable flag [| request flag 
SC@QV1) SCOLVO SC OLE SCOIR 
X' 3FE8'| O SCOICR Interrupt level flag for 0 Interup 0 | Interrupt 0 35 
serial 0 interrupt 0 enable flag request flag [] 
o 
X' 3FE9' | ODisables to use _-y 
ADIN 1 ADLVO ADIE ADIR 
X'3FEA'| O ADICR Intertup level flag for 0 Interrupt 0) Interrupt 0 35 
A interrupt 0 enable flag {] request flag [ 
IRQ2LV1 | RQ2LVO| REDG2 IRQAE | IRQHIR 
X'3FEB’| O IRQ2ICR Interuptlevel fag 0 — | External interrupt Interup O| Interrupt 0 34 
for external interrupt valid edge flag 1 enable flag [| request flag 
X'3FEC'] 0 IRQ3ICR gq = 
X' 3FED’| gDisables to use _ 
TMBIE 
X’3FEE’) 0 TMBICR Interrupt level flag 0 Interrupt 0} Interrupt 0 35 
for timer 3 interrupt enable flag | request flag 
TM4IE 
X'3FEF'}O TMA4ICR Interrupt level flag 0 InteruptO| Interrupt 0 35 
for timer 4 interrupt 0 enable flag | request flag 
: TMSIE 
X'3FFO') 0  TMSICR Interrupt level flag 0 Interupt 0} Interrupt 0 35 
for timer 5 interrupt 0 enable flag | request flag 
X' 3FF1' | g Disables to use a 
X' 3FF2’ | 0 Disables to use — 
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